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Newark, Delaware 
INTRODUCTION 


This study represents an attempt to discover some of the 
correlations existing among the different factors in the business 
of dairying, and especially to trace out the effects of the various 
factors on the production and the cost of production of milk. 
The statistics on which the study is based were originally col- 
lected and used for an investigation of ‘‘The Relation of Size of 
Dairy to Economy of Milk Production.’' This study was made 
while the writer was a student at Delaware College. The sta- 
tistics were collected by personal visits to eighty-seven dairies in 
northern Delaware and southeastern Pennsylvania, a section in 
which fairly uniform conditions prevail as to markets, climate, 
topography, type of soil, and types of farming in general use. 

Representative dairies were visited and such information as 
dairymen were able to give was obtained. These data were 
supplemented by observations, and a rather exhaustive series of 
questions, cross questions, and check questions was used in an 
attempt to analyze each business and to resolve it into the 
component factors of investment, expenditure, and income. The 
estimates of the dairymen often appeared far from accurate, 
even in the case of large dairies which were usually supposed to 
be operating under the most up-to-date systems of farm ac- 
counting. A sufficient uniformity, however, prevails in the data 
from farms operating under similar systems of management, to 
indicate that the averages of several dairies will be nearly, if not - 
quite, accurate. 

It has been very tritely remarked that: “The great pity is 
not that we are so ignorant of cosmic forces, but that we know 


*This paper is concluded in next issue—Eprror 1n CHIEF. 
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so many things that are not true.’’? The writer has borne this 
consideration in mind throughout the study and has tried to 
maintain a wholesome skepticism, and to examine critically even 
the most generally accepted theories of scientific principle where 
this could be done and has tried to be doubly skeptical of his 
own conclusions in this study. 


MeEtTHop oF COMPUTATION 


For convenience and simplicity, the following rules for the 
computation of the factors in expense have been applied: 

1. Interest on investment is reckoned at 5 per cent. 

2. Value per cow is reckoned on the basis of the value of grade 
cows of similar type and productiveness in the same neighbor- 
hood. The writer has proceeded on the hypothesis that interest 
and depreciation on the additional value of pure bred cows, 
inherent in the fact of their registry as pure breds, is offset by 
the corresponding value of their offspring. 

3. Depreciation on cow is reckoned at 20 per cent, on bull at 
12 per cent and is taken as covering depreciation on value of 
cow or bull, due to the length of their respective periods of 
usefulness, and insurance on life of the animal. 

4. Pasturage. In estimating the cost of pasturage, the usual 
rate of pasturage hire in the neighborhood in which a particular 
farm was located was used as a basis for computation. 

5. Cost of grains and forage. Dairies were charged with grains 
and forage produced and consumed on the farm at the farm 
value in the neighborhood; that is, the market value minus cost 
of delivery. Grain, forage and other feed, which was pur- 
chased, were, of course, charged against the dairy at cost. 

6. Labor. In each dairy, an estimate of the amount of time 
spent per day on the dairy during the different seasons of the 
year as, in winter, the pasturage season, etc., was obtained and 
was charged to the dairy at the rate paid for labor during the 
year plus cost of board, where laborers were boarded at the 
expense of the farmer. 


? Williams, an American Town. 
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7. Cost of management. In the case of this factor, so difficult 
to compute with any degree of accuracy, the farmer’s estimate 
of the value of his own time per hour has been used as a basis. 
Where the farmer performs actual work in the dairy, as in small 
dairies, ‘‘Labor’” is charged with the number of hours of actual 
work at the rate which the farmer pays his men. The differ- 
ence between this and the farmer’s estimate of his own value is 
charged to ‘Management.’ In large dairies where a manager is 
employed, this difficulty does not occur. 

8. Credit for manure. Cows are credited with the amount of 
manure they produce, at the rate of one dollar per ton, arbi- 
trarily adopted. 

9. Credit for calf. Each dairy is credited with the number of 
live calves dropped in it, at their value at birth, usually four 
or five dollars. In order to be consistent with rule 2, pure bred 
calves are valued at the same rate as grades of corresponding 
size, conformation, and vigor. 

10. Total expense per cow is computed by adding together all 
the factors in expense. 

11. Total income per cow has been calculated by adding to- 
‘gether all factors in income, as income from milk and butter, 
and credits from calf and manure. 

12. Profit per cow is obtained by subtracting total expense 
from total income. 

13. Cost per quart is reckoned by subtracting credits due to 
calf and manure from total expense, thus getting net expense of 
milk, which is then divided by the number of quarts per cow 
per year. 

14. All data are for the year 1916. 


Section I. THe Corre.aATIONn oF LABor TO OTHER 
Factors in MiLtK PropvuctTIion 


1. ADAPTATION OF DATA 


To adapt the data collected for a study of ‘‘The Relation of 
Size of Dairy to Economy of Milk Production” to a study of 
“The Correlation of Labor to Other Factors in Milk Produc- 
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tion’’ required something more than a simple division into classes 
on the basis of the amount of labor used. In the first place, it 
was found in the former study that the amount of labor re- 
quired in a given dairy was to some measure dependent on the 
size of the dairy, and that dairies of more than 20 cows were 
ablé to use labor to a greater advantage than the ones of smaller 
size. Hence it would be unfair to compare the dairies of fewer 
than 20 cows with the larger ones. Again the dairies of over 40 
cows are usually managed under a system different from those 
of fewer than 40. Hence the dairies of over 40 cows should not 
be compared directly with the smaller ones. The data was, 
therefore, first divided into three parts on the basis of size. 
Dairies of fewer than 20 cows comprising the first, dairies of 
more than 20 and fewer than 40 the second, and those of 40 or 
more the third part. 


Division of dairies into classes 





NUMBER OF 
CLASS NUMBER OF HOURS OF 

NUMBER* DAIRIES LABOR PER COW PRODUCT SOLD AS 
PER YEAR 





Under 20 cows 
20 to 39 cows Under 140 
40 or more cows 
Under 20 cows 
20 to 39 cows 140 to 200 | Market milk 
40 or more cows . 

Under 20 cows 
20 to 39 cows Over 200 
40 or more cows 


eonwaorawavon 


All but 2 of under 20| Under 140 
cows 140 to 200 | Butter 
Over 200 


~ > > 


4 All of more than 20} Under 140 | ‘“‘A”’ milk and ‘‘nur- 
3 cows 140 to 200 sery”’ milk 
4 Over 200 


25 3 80 or more cows Over 200 ‘Certified’ milk 

















* The numbering of classes proceeds from the first part of the study published 
in the Delaware Bulletin, No. 118, and is consecutive throughout the entire 
study. 
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Neither would it be fair to compare dairies producing dif- 
ferent products, to compare dairies producing market milk with 
those producing ‘‘certified’’ milk, or butter-making dairies with 
those producing ‘A’ milk or “nursery” milk. This necessi- 
tated a further division into four groups, as follows: 

1. Dairies producing market milk. 

2. Butter making dairies. 

3. Dairies producing “A” milk or “nursery” milk. 

4. Dairies producing “certified” milk. 

The above table may serve to make more lucid the final 
division into classes. 


Peculiarities of the various classes 


Classes 10, 13, and 16. These classes were composed of smal 
dairies, which were usually conducted as side lines on farms of 
varying size. At the lower extreme in this group are to be 
found the family cows in small herds of 5 to 10 cows. These 
usually received a large amount of individual attention, being 
considered, often more as pets than as economic producers. 

The dairies of from 10 to 20 cows take on a different aspect. 
They were commonly conducted as business propositions in an 
unbusinesslike manner. That is, they were looked on as a 
source of income, but were not usually the main source, and 
therefore seldom received a sufficient amount of labor or thought, 
especially of the latter, to bring them to the point of maximum 
productivity. 

The investment in buildings, in this group, commonly ran 
high, except in a few cases where the shelter provided was 
insufficient. , ; 

It may be said here that, many of the farmers in this neigh- 
borhood, especially those keeping small dairies find themselves 
saddled at the beginning with buildings erected for an age now 
past. The barns are strongly built often of stone, and have 
stood and will continue to stand for a great many years. But 
they are frequently unsuited to the farmer’s present needs, 
being often too big, on the small farms, and almost always dark 





SOME CORRELATIONS IN THE COST OF MILK PRODUCTION 69 


and unsanitary, and at the same time represent large invest- 
ments, which strongly discourage the desirable tendency to re- 
model or replace them. This complicates the study as far as 
buildings are concerned by introducing large amounts of fixed 
capital which cannot be liquidated, and which by their very 
fixity, militate against progress in the direction of convenience 
and sanitation. 

Classes 11, 14, and 17. The dairies in these classes were con- 
ducted along more businesslike lines than the smaller ones. 
Their size in itself rendered this more easy. The cows were 
generally of better types, with greater productive capacity. 
They were fed and cared for with more intelligence. Labor 
was used to better advantage, and the farmer becomes in these 
classes more of a manager and less of a laborer than in the 
smaller dairies. 

These dairies were commonly the main, though not the only, 
source of income on the farms where they were kept. 

Classes 12, 15, and 18. These classes are composed of dairies 
which were the main sources of income on the farms where 
they were kept. Indeed, in these classes the rest of the farm 
was usually run as an adjunct to the dairy rather than the dairy 
as an adjunct to the farm. 

Paid managers were often employed, or where the owner 
managed the dairy, he usually did but little labor, strictly 
speaking. The buildings were usually built to fit the dairy 
rather than the dairy to fit the buildings. The cows were 
intelligently fed and cared for and were carefully selected. 

Classes 19, 20, and 21. The butter-making dairies were, with 
two exceptions, dairies of fewer than 20 cows. The product 
was often disposed of as butter rather than as milk, because 
the small size of the dairies made the cost of hauling milk to 
the shipping station every day, prohibitive. The comment on 
classes 10, 13, and 16 in regard to the makeup of the dairies 
applies to those in this class with even more force, since they 
occupied a subordinate position on the farms where they were 
found and too little thought and care was given them. The 
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cows were of the poorest types found and were usually in the 
poorest condition. ' 

These establishments were usually quite unprofitable. One, 
however, class 39, is being conducted at a profit, for it is in- 
telligently managed and supplies a special demand for fancy 
butter. 

Classes 22, 23, and 24. This group is composed of large dairies 
which are engaged in the production of the higher grades of milk, 
as ‘‘A” milk and ‘‘nursery” milk. The buildings are as a rule 
both economically and durably constructed, their interiors well 
kept, well lighted and well ventilated, and their surroundings 
clean. The cows are carefully selected and of highly productive 
types. The herds are intelligently managed and fed. A greater 
outlay in labor and capital is required in these classes in order to 
produce the higher grades of milk referred to above. The 
higher prices received, however, provide a sufficient recompense 
for this additional expenditure. 

In this group three of the ‘‘Millionaire’s” type of dairies ap- 
pear—dairies Nos. 12, 38, and 46. These are operated more as a 
hobby by rich owners than for business purposes. They are 
characterized by unnecessarily large investments in buildings and 
equipment, which in dairy No. 12 reach the absurdly high figure of 
$900 per cow. They produce, however, a high grade of product, 
and by selling at top-notch prices, are able, strangely enough, to 
hold their own against more businesslike dairies. 

Class 25. Class 25 is composed of 3 dairies which produce 
certified milk and consequently cannot well be compared with 
any other class, because of the high cost and high selling price 
of their product, and the large amount of labor required. All 
three are big dairies, composed of the finest type of cattle, 
mostly pure breds. They are run by experienced and well paid 
managers and by businesslike methods and, because of the high 
price at which certified milk is sold, it will be evident that two 
of them are conducted at a substantial profit, while the third is 
**breaking even.” 
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2. RELATIONSHIP OF LABOR AND OTHER FACTORS IN MILK 
PRODUCTION 


Cost of labor per hour 


The average cost per hour of labor in dairies using less than 
140 hours per cow per year is $0.147, in dairies using from 140 
to 200 hours per cow per year it is $0.152, and in those using 


Craseee ip22"? 33:35" Ft 


Graps I. Price Pam Per Hour ror Lasor 


over 200 hours of labor, it is $0.158. This is illustrated by 
graph I, which shows also that there is a strong tendency for the 
dairies using the most labor to pay it most highly. There is, 
further, a tendency for the dairies making the highest profits or 
lowest losses to pay higher wages than those which are less 
profitable. This, however, is not so apparent where individual 
dairies are examined, but becomes obvious only as a general 
tendency where a large number of dairies are taken into 
consideration. 
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Investments in buildings 


No correlation seems to exist between investment in buildings 
and the amount of labor used.. Though a wide variation was 
evident, it did not apparently follow any definite rule. This is 
probably because the majority of the buildings are older than 
the accompanying systems of management, as referred to above. 


Investment in equipment 


In the relationship of labor to the amount of equipment used, 
a condition appears which may at first seem rather extraordinary. 


a 
cicada as ab 


GrapH II. INVESTMENT IN EQUIPMENT 


It will be seen in graph II that as more labor is added, the in- 
vestment in equipment also increases at first, but later is reduced 
as still more labor is used. This condition obtains in all classes 
except those of fewer than 20 cows and in the classes producing 
butter. 
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In the dairies of fewer than 20 cows, which produce market 
milk, very little more equipment is needed for a dairy of 15 
cows than for one of 7 or 8, since the work in such dairies is 
nearly always done by two persons—the farmer and one hired 
man, or rarely two. The usual equipment is. such dairies is 
very simple. That used for handling the milk generally con- 
sists of 2 or 3 buckets, 1 strainer, and 6 or 8 milk cans, and 
except for the number of milk cans which may increase slightly, 
the milk of 15 cows may be handled as well with this equipment 
as that of 7 or 8. The same holds true of most of the other 
equipment used in such a dairy. Hence, the first irregularity in 
graph II is explainable and is to be expected. 

In the latter case the irregularity centers about class 21 which 
has an average investment in equipment of $21.25, the highest 
average of any class. This may be accounted for by the invest- 
ment in equipment of $30.00 per cow in dairy no. 4. This dairy 
was originally equipped for a herd of 12 or 14 cows and was 
subsequently reduced to 5 cows, greatly increasing the overhead 
charges per cow for equipment. The charge for buildings was 
kept down by the use of part of the barn for other live stock, 
but the equipment could be put to no other use. If the invest- 
ment in equipment in this dairy had been reckoned on a basis 
of 12 cows, the curve for class 21 would have followed the same 
trend as in classes 16, 17, 18, and 24. 

In dairies using less than 140 hours of labor per cow per year 
the care bestowed upon the cows was insufficient, as is reflected - 
by the cost of production, and the farmers are not sufficiently 
interested in their dairies to provide them with complete equip 
ment. In the dairies using 140 to 200 hours of labor per cow 
per year, both the greater amount of labor and the greater 
amount of equipment may be accounted for to a considerable 
degree by the greater interest taken by the dairymen in their 
cows. Thus, up to this point no fixed rule of cause or effect 
appears to exist, but both are affected by a third factor, the 
interest of the dairymen in their cows. Beyond this point, how- 
ever, where more labor is supplied less equipment is heeded, or 
conversely where less equipment is kept more labor is required. 
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It will readily be seen that there are both absolute and relative 
requirements for labor and for equipment. Until the absolute 
requirements for both have been satisfied, an increase in one 
cannot replace a portion of the other. In the dairies covered by 
this study, it is evident that the absolute requirement for labor 
is not usually satisfied by less than 140 hours per cow per year, 
and therefore the addition of more labor in dairies where less 
than this amount is used, will not operate to reduce the require- 
ment for equipment. 


Credit from calf and manure 


It will be observed that in all the different divisions of dairies, 
there is a general though irregular tendency for this factor to 
rise as more labor is added, indicating, first, that more attention 
to the cows resulted in a larger number of more vigorous calves 
being dropped; and second, that a result of the use of more labor 
was the saving of a greater amount of manure or conversely that 
the saving of a greater amount of manure required more labor. 

In many dairies the production of as large an amount of 
manure as possible was a conscious aim, but in others this was 
more or less incidental and without conscious effort. The 
irregularity of the data and their refusal to follow a more clearly 
defined trend may be attributed to the small number of dairies 
in each class among which a wide variation in systems of 
management was found. 


Production and cost of production 


An examination of the column headed ‘‘ Number of quarts per 
year” will show an increase from an average of 2489 quarts per 
cow per year in classes 10, 11, and 12, using an average of 116 
hours of labor per cow per year to 2673 quarts in classes 13, 14, 
and 15, using an average of 166 hours per cow per year, and to 
2912 quarts in classes 16, 17, and 18, using an average of 264 
hours per cow per year. The same general trend is shown in 
the classes producing butter and in those producing the better 
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grades of milk, and the variations from this tendency in classes 
20 and 23 may be ascribed to the small number of dairies in these 
classes coupled with the occurrence in them of dairies of low 
productive capacity. 


Quart per cow 
Cost Quart 
eat $14 


——— Classes 10,13,15 

=—ooe wo e 11,14,17 

ni * aw 

$ 12 —-- ——— * 19,20,21 
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/* 


itt 
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Classes 10,12,12 13,24, 16,27, ,12, 13, 16,27, 
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Grapua III. Propucrion anp Cost Per Quart 


This is significant, especially when one considers that there is 
no corresponding increase in the intrinsic value of the cows 
comprising the dairies, indicating as it does that each intelli- 
gently added unit of labor and care may be expected to produce 
an increase in the production of the dairy. It is also note- 
worthy, that the addition of 50 hours of labor to that used in the 
first three classes produces an increment of 184 quarts of milk, 
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while a further addition of 98 hours of labor produces an increase 
of only 239 quarts. And this is what might be expected in view 
of the natural law limiting the productivity of the cows. This 
law is the well known one providing that the farther a cow is 
forced above her natural productivity, the more difficult will it 
be to secure each farther increase. 

If the above be true, one should naturally expect to find it 
reflected in the cost of production, nor would he be disappointed, 
for there it is as plainly evident as in the production, if we 
except the classes above mentioned. It is of even greater 
significance that in the classes producing market milk, the 
average cost per quart in dairies using 140 to 200 hours of labor 
per cow per year is less than in those using less than 140 hours 
per cow per year, indicating that in the first three classes the 
point of diminishing returns has not yet been reached. But in 
the third group where more than 200 hours of labor per cow per 
year is used, the average cost per quart is higher than in the 
second group. Hence, it may be said that in the average dairy 
in this study, the marginal point for labor is somewhere between 
140 and 200 hours. An attempt was made to discover more 
closely the exact location of the marginal point, and the data 
indicated that it was probably between 180 and 200 hours per 
cow per year. The data, however, were found insufficient to 
warrant this statement as anything but a suggestion, which may 
or may not be of some value. Since it is practically impossibie 
to find a dairy in which the average conditions obtain, it will 
readily be seen that the marginal point in a given dairy may 
be considerably above or below that for the average, depending 
on size of dairy, system of management, capacity of cows, etc. 


The proportion of expense applied to labor 


A glance at the column ‘‘Total expense’”’ will show that there 
is a tendency for expense to increase somewhat more than twice 
as fast as could be accounted for by the expense of the additional 
labor alone, and that this tendency becomes more pronounced 
as more labor is used. Sufficient data to analyze this informa- 
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tion completely is not at hand. It may, however, be seen to 
accompany a general increase in all expenses rather than of any 
particular set. In other words it was incident to an attempt to 
force the production of the dairies above the average by the use 
of more, and more expensive feeds and greater care throughout 
in the operation of these dairies. 


Percentage of Expense 
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Graph IV will show that, though the greater part of this 
increase is due to other factors than labor, labor increases more 
rapidly in proportion than the other factors. The proportion 
which the cost of labor represents to the total expenses rises 
from 11.9 per cent in classes 10, 11, and 12, to 16.5’per cent in 
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classes 13, 14, and 15, and to 23.2 per cent in classes 16, 17, 
and 18. This increase in ratio makes the foregoing comparisons 
legitimate and valid. These comparisons would have been of 
practically no value, had the increase in the cost of labor from 
class to class been accompanied by a proportionate increase in 
each other factor. To make a fair comparison, it is necessary 
that one factor be variable, while the others remain constant, or 
if this condition can not be obtained, it is at times legitimate 
to compare a variable factor with others which do not change 
so rapidly, provided the changes in the variable are not wholly 
incident to changes in the factors treated as constants. The 
latter is the condition of this study. 


SUMMARY 


It cannot be said that the labor used in each dairy where less 
than 140 hours was spent per year on each cow was positively 
insufficient, for in several cases farmers were enabled by 
efficient organization of their dairies to get along very satis- 
factorily with much less than this. It should be borne in mind 
therefore that the following conclusions apply only to the 
averages of the dairies included in this study. 

1. Up to an average of 168 hours of labor per cow per year, a 
state of increasing returns was found to exist. That is, each 
unit of labor applied up to this point resulted in an increase in 
product greater than the preceding unit. 

2. After an average of 166 hours of labor per cow per and 
was passed, a state of decreasing returns was observed. 

3. Dairies using 140 to 200 hours of labor per cow per year 
have a larger investment per cow in equipment than those using 
under 140 hours or over 200 hours of labor. 

4. The dairies using the most labor pay the highest price 
for it. 

5. On an average, milk is produced at a lower cost per quart 
in dairies using from 140 to 200 hours of labor per cow per year, 
than in those using either more or less. 
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6. The dairies using larger amounts of labor per cow had 
more live, vigorous calves dropped in them than those using 
less, and were able to save more manure. 

7. Where more labor was used, it was found that other ex- 
penses increased coincidentally, but not so rapidly, in proportion 
as the expense of labor. 


Section II. THe RELATION OF THE AMOUNT OF CONCENTRATES 
Usep td Oruer Factors 


1. ADAPTION OF DATA 


For this phase of the study, it was again necessary to re- 
classify and regroup, and to some extent to retabulate the data 
at hand. The principles, under which the regrouping was done, 
were, however, simpler than those adopted in section I. It was 
not necessary to divide the data on the basis of distribution of 
product, as this had no direct bearing on the amounts of grain 
fed, and further the dairies producing products other than 
market milk are so generally distributed that they counter- 
balance in the different classes. The butter producing classes 
are, with two exceptions, all to be found in the three classes of 
fewer than 20 cows, while the dairies producing the higher grades 
of milk are distributed promiscuously through the 6 classes of 
larger dairies. 


Division into classes in section II 

















A. dk “an SIZE OF DAIRIES CONCENTRATES PED PER COW 
26 15 Fewer than 20 cows Less than 2,000 
27 10 __| 20 to 39 cows 
28 8 40 or more cows 
29 7 Fewer than 20 cows 2,000 to 2,999 
30 11 20 to 39 cows 
31 10 40 or more cows 
32 9 Fewer than 20 cows 3,000 or more 
33 9 20 to 39 cows 
34 7 40 or more cows 
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The division from the standpoint of size was preserved as in 
section I, and each of these divisions was divided on the basis 
of quantity of concentrates used. The above table will illus- 
trate the method of division. This arrangement gives nine 
classes, none of which contains fewer than seven dairies, making 
a sufficiently small number of classes for convenient comparison 
and having in each class a sufficient number of dairies to make 
the average of the classes comparable and to tend to remove 
differences between classes arising from variations in individual 
dairies. 


2. CORRELATIONS BETWEEN THE AMOUNT OF CONCENTRATES 
FED AND OTHER FACTORS IN MILK PRODUCTION 


Value of cows 


It will be seen from graph V that there is a constant though 
uneven tendency for the value per cow to rise, as more grain is 
fed, and also that there is a tendency for the larger dairies to 
be composed of more valuable cows than the smaller ones. This 
latter tendency is due partly or mostly to the greater pro- 
ductive capacity of the cows in the larger dairies. But within 
each of the three divisions as to size, it is not possible to tell how 
far the greater value of the cows receiving the most feed is 
due to their capacity to make good use of more feed, and to what 
extent to the better condition of the cows from the use of more 
feed. 


Pasturage, silage, soilage, and roots 


There was but little variation in the extent to which pas- 
turage was used, and such correlation as existed cannot be said 
to follow any well defined correlation to the amount of con- 
centrates fed. There is a slight increase in the amount of 
silage fed as the use of concentrates is increased. No definite 
relationship seems to exist between the amount of grain fed and 
the extent to which soilage or roots are used. 











Classes of fewer 
than 20 cows 


-—y~-~Classes of 20 to § 
—7F cows 


/ 
Li a Classes of 4O oF 
jf gore cows 


$50.00 


$40.00 


“2. 
a ae 
GrapH V. Vatue Per Cow 


Tone of Forage 


———. Classes of f 
then 20 cons 
Glasecs of 8 ve 9 


—— ——— Classes of 4 or 
were cows 


3.0 





1.0 


‘ 


Caanee' ap : 3 ‘ 


Grapu VI. Tons or Forace Fep Per;Cow 
82 














SOME CORRELATIONS IN THE COST OF MILK PRODUCTION 83 


Forage 


It will be seen from graph VI that there is a general tendency 
for the amount of roughage used to decrease as the quantity of 
concentrates is increased. This is what might be expected; but 
the sudden drop from 3.4 tons of forage in class 26 to 2.2 tons 
in class 29 could not be explained by the increase in the use of 
concentrates from an average of 1627 pounds in class 26 to an 
average of 2241 pounds in class 29, and to explain this dis- 
crepancy, it is necessary to examine the data carefully. 

It will be observed that most of the herds in class 26 use 
unnecessarily large amounts of roughage. This is composed 
mostly of corn stover which is thrown to the cattle, on these 
farms, in much greater quantities than they could possibly eat. 
Many of these dairies, which are among the smaller ones, are 
kept on large farms growing corn as their principal crop. The 
dairies are kept as a side industry, partly for the purpose of 
trampling the corn stover and converting it into manure, so 
that it may be returned to the soil as a fertilizer. Since it is 
not possible to tell just how much of this stover was eaten and 
how much more was wasted by trampling, this discrepancy 
cannot be removed. 

The whole trouble was that the farms on which’ these dairies 
were found, were understocked; on most of them a great many 
more cattle, sheep, or other animals, could have been main- 
tained without additional expense for roughage. 


Labor 


There is a tendency for the amount of labor used per cow to 
increase, as more concentrates are fed. Both of these factors 
are affected to a considerable degree by the amount of interest 
taken by the dairyman in his cows. If.the dairyman is deeply 
interested in his herd, or if the dairy contributes the larger 
part of his income, he may be expected to bestow more care 
on it and feed more heavily. This probably explains also the 
correlation between the amount of silage and of concentrates 
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fed. Thus, none of these three factors stand in a causative 
relationship to either of the others but all are affected by the 
fourth factor, the interest of the dairyman. 


Correlations of concentrates to production 


From graph VII it may be observed that there is a corre- 
\ lation, though not a regular one between the amount of grain 
i used and the production per cow. 
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The second part of graph VII illustrates the condition of 
diminishing returns which stands out strikingly in this part of 
the study. 
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Taking the amount of concentrates fed as 1, the ratio of 
concentrates fed, to the amount of milk produced, decreases 
from 1: 2.52 in class 26 to 1: 1.36 in class 32, from 1:3.35 in 
class 27 to 1: 1.66 in class 33, and from 1:3.89 in class 28 to 
1: 1.84 in class 34. In short, the more concentrates are used, 
the less milk will be produced per unit of feed, through there 
may and probably will be an increase in the total production. 

It will be observed that the three curves in the second part 
of graph VII are farther apart at first and converge as more and 
more grain is added. This is significant, indicating that in the 
larger dairies where greater intelligence in management is usually 
found, more milk is generally produced per unit of feed, when 
but little feed is used, than in the smaller ones where feeding is 
less intelligently done and is more indiscriminate. But as more 
concentrates are added, this differential advantage of the large 
dairies, resulting from intelligence of management, is .rapidly 
lost, and the large and small dairies tend to approach a standard 
ratio between feed’ consumed and milk produced. 


Cost per quart 


In graph VIII there will be noticed a general but irregular 
tendency for the cost per quart of milk to rise somewhat, as 
the amount of concentrates used is increased. But that this 
does not hold is shown by the figure for the dairies of fewer 
than 20 cows, in all three classes of which the average cost per 
quart is exactly the same. This is probably to be explained by 
the better care and greater interest in their dairies among the 
farmers in classes 29 and 32 over those in class 26. It has been 
suggested above that the amount of feed used depends some- 
what on the intelligence of the farmer and his interest in his 
dairy. Hence, this greater care might be expected to reduce 
the cost per quart in classes 29 and 32 from what it would other- 
wise be, especially since the widest variation in interest and 
intelligence in management is to be found among the smallest 
dairies. If it were not for this complication the curve for the 
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dairies of fewer than 20 cows would probably run parallel to 
those for the larger dairies. 
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Grapu VIII. Cost Per Quart or MILK 


SUMMARY 


1. The value of the cows was seen to rise as the amount of 
concentrates used was increased. This was due partly to the 
better condition of the cows resulting from heavier feeding, and 
partly to a difference in their productive capacity. 

2. Slightly more silage was fed per cow as the amount of 
grain fed was increased. 

3. The amount of forage used decreased as the use of con- 
centrates increased. In the smaller dairies this was partly due 
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to more intelligent use of roughage in the dairies using the 
larger amounts of concentrates. 

4. Slightly more labor was used in dairies in which large 
amounts of grain was fed. 

5. The production per cow increased as more concentrates 
were fed, but: 

6. An inverse correlation exists between the amount of con- 
centrates used and the production of milk per unit of grain. 
Large dairies are able to produce more milk per unit of grain 
than the small ones, where only a small amount of grain is 
used, but as more grain is fed, this advantage is lost. 

7. The cost per quart of milk tends to increase slightly as 
more concentrates are used. 


Section III. Tue CorrELATION OF THE PROPORTION OF 
CONCENTRATES PURCHASED TO THE CosT OF 
MILK PRODUCTION 


1. ADAPTATION OF DATA 


The tabulation and classification of data were done in this 
section under the same principles as in section II. The dairies 
were first divided into three groups according to size as in 
sections I and II. These groups were then subdivided accord- 
ing to the proportion of concentrates purchased and fed per 
cow to the total amount of concentrates fed per cow. Per- 
centage was used as a measure of proportion and the dairies 
were so grouped that each of these groups would contain ap- 
proximately equal numbers of dairies. Thus the second con- 
tains dairies which purchase about the average proportion of 
their grains, the first contains those purchasing less, and the 
third those purchasing more than the mean amount. 

The following table will illustrate the method of division: 
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Division of dairies into classes in section III 











f 

Ae babe 7 SIZE OF HERDS COMCENTRATS BOUGHT 
35 13 Fewer than 20 cows 
36 4 20 to 39 cows Under 50 
37 2 40 or more cows 
38 13 Fewer than 20 cows 
39 19 20 to 39 cows 50 to 79 
40 7 40 or more cows . 
41 5 Fewer than 20 cows 
42 7 20 to 39 cows : 80 to 100 
43 16 40 or more cows 














2. CORRELATIONS OF THE PROPORTION OF CONCENTRATES PUR- 
CHASES TO OTHER FACTORS IN MILK PRODUCTION 


Effect of tenantry on the proportion of concentrates purchased 


There are no tenant dairies of over 40 cows included in this 
study, but among those of fewer than 40 cows, it will be ob- 
served that, almost without exception, the proportion of tenant 
dairies to owner dairies decreases from class to class as the 
proportion of feed purchased to that grown increases. 

In classes 35, 38 and 41 the proportion of tenants to owners 
ran, 5:8, 2:11, and 1:4. In classes 36, 39 and 42 it was 1: 3, 
4:15, and 1:6. Throughout this section of the study it is 
apparent that, the greater the farmer’s incentive to saving and 
the necessity to economize in his expenditures the smaller the 
proportion of grain consumed by his cattle was he likely to pur- 
chase, even though this often resulted in expenditures so small 
and penurious as to impair the efficiency of the business. The 
better off the farmer financially, the more likely he was to feed 
heavily and spend liberally, and, up to a certain point, this 
greater liberality resulted in greater productivity and increased 
profit. 
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Value per cow 


From graph IX it may be observed that in dairies of 20 or 
more cows there is a tendency for the dairies purchasing the 
larger proportions of their concentrates to be composed of more 
valuable cows than those which purchase less and grow more. 
However, the value per cow in dairies purchasing 80 per cent 
or more of their grain does not differ materially from that of those 
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purchasing 50 per cent to 79 per cent. In the classes of fewer 
than 20 cows there is at first a slight increase in value then a 
practically equivalent decrease as the proportion of grain pur- 
chased increases. 

In the case of the larger dairies, the farmers who were suffi- 
ciently progressive to keep the more valuable and more pro- 
ductive cows were either progressive enough to purchase a con- 
siderable amount of feed which would balance up the ration 
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provided partly by the home grown grains, or were simply 
liberal enough in their expenditures to purchase large amounts 
of grains. 

Labor 


The amount of labor used per cow shows a slight tendency to 
decrease as the proportion of feed purchased increases from 50 
per cent to 80 per cent, then increases as a still greater pro- 
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Grapu X. CorRRELATION OF LABOR TO PROPORTION OF GRAIN BouGutT 


portion is bought. In the case of the dairies of 40 or more 
cows a steady increase in the amount of labor used is shown. 
The refusal of the lower part of this curve to conform to the 
actions of the other two curves is attributable to the low average 
amount of labor used in class 37. This class contains but two 
dairies, one of which uses only 82 hours of labor per cow per 
year, which is far below the average amount used in dairies of 
this size. ‘ 
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This graph would suggest the possibility that dairies which 
use labor most etficiently, or at least most sparingly—and there 
is no reason to believe that the amounts of labor used in classes 
38, 39. and 40 are insufficient,—are likely to purchase about the 
median proportions (50 per cent to 79 per cent) of grain. 


Total amount of grain and forage fed 


In graph XI it will be seen that the same liberality which 
causes the purchase of more grain, results at first in the feeding 
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of more forage simultaneously. But the dairies-of fewer than 20 
cows provide an exception to this insofar as grain is concerned. 
It might be expected from this, that the increase in the 
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amounts of feeds used would continue as more and more grain 
is purchased, but in the dairies using 80 per cent or more of 
purchased grain there is a sharp falling off in the amounts 
both of grain and of concentrates used. The explanation of 
this is not difficult to find. Dairy farmers may be divided 
roughly into two more or less distinct groups: those whose 
aim is to consume chiefly home grown feeds partly or wholly 
unmarketable, and those who make no pretense at self-suffi- 
ciency but depend chiefly on such feed, especially grain, as they 
may be able to purchase. The latter type is to be found 
among the dairies purchasing 80 per cent or more of the grains 
they feed, and since these dairies must purchase practically all 
of the feeds they use, they are likely to use as little as will suffice. 
Because of the expense of transportation, etc., they generally 
use feeds of the highest nutritive value obtainable per unit of 
weight. Because of this the comparison in these tables on the 
basis of weight alone is somewhat unfair. 


Production 


Graph XII shows that the production per cow rises rapidly 
from the classes purchasing less than 50 per cent of their con- 
centrates to the classes purchasing 50 per cent to 80 per cent. 
This increase in production is parallel to the increased use of 
feed shown in graph XI. But above the median point in 
purchase of feed, no decrease in production is to be found par- 
allel to the decrease in feed used, as shown in graph XI. This 
is due to more efficient feeding and at the same time bears out 
the assumption mentioned above, that a better quality of feed 
is used by the dairies purchasing the largest proportions of their 


grain. 
Cost of production 


There is a tendency for the cost per quart of milk to increase 
slightly at first, then to decrease as still more feed is purchased. 
The dairies of few cows again provide an exception, for here the 
decrease is constant. This condition is incident to the condition 
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of diminishing returns which will be observed if the production 
curves in graph XII are compared to the curves for feeds in 
graph XI. As the group of dairies using 50 per cent to 79 per 
cent of purchased grain is passed all three curves show a de- 
crease in cost per quart. This is due to the efficiency of the 
dairies which purchase most of their grain, as mentioned above. 
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Grapxu XII. CorrELATION OF PRopucTION AND Cost oF PRODUCTION TO PRo- 
PORTION OF GRAIN BouGHT 


Profit or loss per quart 


In the dairies of fewer than 20 cows where an increase in 
general efficiency was observed to accompany an increase inthe 
proportion of concentrates bought, but in no causative relation, 
the loss per quart decreases, at first slowly then rapidly as more 
feed is bought. 

In dairies of more than 20 cows the variation in profit or loss 
was very slight except in class 43 where the profit was con- 
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siderably increased by the sale of “A,” “‘nursery,” and certified 
milk. 

Thus, the variation in the profit or loss per quart is not ap- 
parently conditioned on the proportion of grain bought, as is 
supposed by many to be the case. The only way in which such 
a variation in profit could apparently exist would be for the 
farmers buying feeds to pay considerably more for them in the 
market than it would cost to grow the feeds. This condition 
does not appear to exist to any marked degree, for no uniform 
variation in profit or loss which could be explained by this 
assumption was observed in the data. 


SUMMARY 


1. It was observed that the greater the incentive to saving and 
economy in expenditures, the smaller the proportion of con- 
centrates purchased. Thus, the tenant farmers, who may be 
assumed to have a greater incentive to saving, purchased a 
smaller proportion of their concentrates than the owners. Like- 
wise, the owners of small dairies, whose economic status may 
be assumed to be inferior to that of the owners of large dairies, are 
to be found mostly in the groups buying less than 80 per cent of 
their grains. The dairies of medium size are mostly in the 
group buying the most grain. 

2. In the classes purchasing from 50 per cent to 79 per cent 
of the grain they use, much more feed, both forage and grain, is 
fed than in those buying less than 50 per cent. This may be 
attibuted to a greater liberality in expenditures on the parts of 
the farmers as referred to above. But the dairies which pur- 
chase the greater proportion of grain use less feed than any of 
the other classes. This may be attributed to a higher quality 
of feed being used and to its more efficient use. 

3. The dairies in the median group use labor most sparingly. 

4. Production, cost of production and profit or loss per quart 
are influenced by the above three factors. The effects and counter 
tendencies among these and other factors are, however, such as 
to make it impossible to say that production, cost of production 
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or profit or loss per quart are affected by the proportion of 
feed purchased to that grown, in any other way. 


APPENDIX A 
A List or THE Darries Composine Cxiasses 10 To 43 INCLUSIVE 
SECTION I 
Herds composing classes 10 to 26 


Class 10. Dairies of fewer than 20 cows, using less than 140 hours of labor 
per cow per year. 

Herds 3, 22, 23, 42, 49, 54, 55. . 

Class 11. Dairies of 20 to 39 cows, using less than 140 hours of labor per cow 
per year. 

Herds 8, 59, 60, 62, 65, 67, 69, 70, 87. 

Class 12. Dairies of 40 or more cows, using less than 140 hours of labor per 
cow per year. 

Herds 10, 40, 41, 45, 74, 76, 82, 84. 

Class 18. Dairies of fewer than 20 cows, using 140 to 200 binite of labor per 
cow per year. 

Herds 1, 2, 29, 35, 37, 48, 52, 56, 58, 78, 79. 

Class 14. Dairies of 20 to 39 cows, using 140 to 200 hours of labor per ¢ow 
per year. 

Herds 13, 14, 24, 26, 34, 63, 66, 71, 72, 73. 

Class 15. Dairies of 40 or more cows, using 140 to 200 hours of labor per cow 
per year. 

Herds 16, 21, 25, 75, 85. 

Class 16. Dairies of fewer than 20 cows, using more than 200 hours of labor 
per cow per year. 

Herds 53, 87, 77. 

Class 17. Dairies of 20 to 39 cows, using more than 200 hours of labor per 
cow per year. 

Herds 61, 64. 

Class 18. Dairies of 40 or more cows, using more than 200 hours of labor per 
cow per year. 

Herds 36, 81, 83. 

Class 19. Butter-making dairies, using less than 140 hours of labor per cow 
per year. 

Herds 5, 6, 7, 28. 

Class 20. Butter-making dairies, using 140 to 200 hours of labor per cow per 
year. 

Herds 32, 47, 50, 51. 

Class 21. Butter-making dairies, using more than 200 hours of labor per cow 
per year. 

Herds 4, 30, 31, 39. 
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Class 22. Dairies producing ‘‘A,’’ and “‘nursery’”’ milk, using less than 140 
hours of labor per cow per year. 

Herds 15, 17, 20, 25. 

Class 28. Dairies producing ‘“‘A,’”’ and “nursery” milk, using 140 to 200 
hours of labor per cow per year. 

Herds 19, 33, 44. 

Class 24. Dairies producing ‘‘A,’”’ and “‘nursery’”’ milk, using more than 200 
hours of labor per cow per year. 

Herds 12, 27, 38, 46. 

Class 25. Dairies producing “‘certified’’ milk. 

Herds 11, 43, 86. 


SECTION II 
Classes 26 to 34 


Class 26. Dairies of fewer than 20 cows, using less than 2000 pounds of 
concentrates per cow. 

Herds 2, 3, 5, 23, 28, 30, 31, 32, 37, 48, 49, 52, 55, 58, 79. 

Class 27. Dairies of 20 to 39 cows, using less than 2000 pounds of concentrates 
per cow. 

Herds 6, 17, 18, 39, 60, 64, 66, 68, 69, 70. 

Class 28. Dairies of 40 or more cows, using less than 2000 pounds of con- 
centrates per cow. ‘ 

Herds 12, 16, 20, 21, 74, 75, 76, 84. 

Class 29. Dairies of fewer than 20 cows, using 2000 to 2999 pounds of con- 
centrates per cow. 

Herds 7, 22, 35, 42, 50, 54, 56. 

Class 30. Dairies of 20 to 39 cows, using 2000 to 2999 pounds of concentrates 
per cow. 

Herds 8, 14, 26, 33, 59, 62, 63, 71, 72, 73, 80. 

Class 31. Dairies of 40 or more cows, using 2000 to 2999 pounds of concentrates 
per cow. 

Herds 10, 25, 43, 45, 46, 81, 82, 83, 85, 86. 

Class 32. Dairies of fewer than 20 cows, using 3000 pounds or more of con- 
centrates per cow. 

Herds 1, 4, 29, 47, 51, 53, 57, 77, 78. 

Class 33. Dairies of 20 to 39 cows, using 3000 pounds or more of concentrates 
per cow. 

Herds 13, 15, 24, 27, 34, 61, 65, 67, 87. 

Class 34. Dairies of 40 or more cows, using 3000 pounds or more of con- 
centrates per cow. 

Herds 11, 19, 36, 38, 40, 41, 44. 


SECTION III 


Class 35. Dairies of fewer than 20 cows, buying less than 50 per cent of their 
concentrates. 
Herds 2, 3, 4, 5, 7, 22, 29, 32, 37, 57, 58, 77, 78. 
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Class 36. Dairies of 20 to 39 cows, buying less than 50 per cent of their 
concentrates. 

Herds 62, 63, 64, 71. 

Class 87. Dairies of 40 or more cows, buying less than 50 per cent of their 
concentrates. 

Herds 45, 76. 

Class 38. Dairies of fewer than 20 cows, buying 50 per cent to 79 per cent of 
their concentratés. 

Herds 1, 23, 30, 35, 42, 47, 48, 49, 50, 52, 54, 56, 79. 

Class 39. Dairies of 20 to 39 cows, buying 50 per cent to 79 per cent of their 
concentrates. 

Herds 6, 13, 14, 15, 17, 24, 27, 33, 34, 59, 60, 65, 66, 67, 68, 72, 73, 80, 87. 

Class 40. Dairies of 40 or more cows, buying 50 per cent to 79 per cent of 
their concentrates. 

Herds 11, 19, 25, 40, 41, 83, 85. 

Class 41. Dairies of fewer than 20 cows, buying 80 per cent or more of their 
concentrates. 

Herds 28, 31, 51, 53, 55. 

Class 42. Dairies of 20 to 39 cows, buying 80 per cent or more of their 
concentrates. 

Herds 8, 18, 26, 39, 61, 69, 70. 

Class 48. Dairies of 40 or more cows, buying 80 per cent or more of their 
concentrates. 

Herds 10, 12, 16, 20, 21, 36, 38, 43, 44, 46, 74, 75, 81, 82, 84, 86. 











BREED AND SIZE OF COWS AS FACTORS AFFECTING 
THE ECONOMY OF MILK PRODUCTION 


W. B. NEVENS 
University of Nebraska, Lincoln, Nebraska 


In considering the relation of breed and size of cows as factors 
affecting the economy of milk production it is not always possi- 
ble to draw sharp distinctions and to attribute any one phenome- 
non to either factor alone. Hence these factors are considered 
together. 

The large cows of any breed have an advantage over the smaller 
cows in not requiring so much feed for maintenance per pound of 
live weight. This fundamental principle of animal nutrition was 
discovered only during the last century. The renowned French 
chemist Lavoisier was the first to solve the puzzle which had 
existed regarding the source of animal heat. He proved that 
this is due to the combustion of materials within the tissues of 
the body. In the process of combustion the oxygen inhaled 
unites with the materials in the tissues. This forms the only 
source of energy and heat production to the body. Many years 
later other scientists showed that the amount of heat produced 
and given off from the body is greater per pound of live weight, 
in the case of small animals than with large animals of the same 
kind. It was further found that the amount of heat given off 
is in proportion to the body surface of the animal and not in 
proportion to its weight. Since small animals have a greater 
surface in proportion to their weight than large animals, there 
is a greater radiation of heat per pound of live weight in the 
case of the smaller animals. 

A ratio has been worked out showing the relation between the 
maintenance requirements of animals of different weights. This 
ratio is based on the geometrical theorem that the surface of 
two solids of similar shape are to each other as the squares of 
the cube roots of their weights. Having given the maintenance 
requirements of a cow of known weight the requirements of any 
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other cow of known weight may be calculated. For example, the 
daily maintenance requirement of digestible true protein for a 
1000-pound cow is shown in the table below to be 0.5 pound. 
The requirement of a 1500-pound cow which may be repre- 
sented by x might then be computed as follows: 
2/3 2/3 
1000 : 1500 ::0.5 :2 
Solving the proportion 


100 : 131 ::0.5:2 
x = 0.655 
The figure 0.655 agrees with that shown in the table as the pro- 
tein requirements of a 1500-pound cow. Thus, instead of the 


TABLE 1 


Daily maintenance requirement for cows (1) 











WEIGHT DIGESTIBLE TRUE PROTEIN THERMS NET ENERGY 
pounds pounds 
750 0.413 4.95 
800 0.431 5.17 
900 0.466 5.59 
1,000 0.500 6.00 
1,100 0.533 6.39 
1,200 0.565 6.78 
1,300 0.596 7.15 
e 1,400 0.626 7.51 
1,500 0.655 7.86 








maintenance requirements of a 1500-pound cow being 50 per 
cent greater than those of a 1000-pound cow, as might be ex- 
pected, they are in reality but 31 per cent greater in the case of 
protein, and as may be calculated from the table, but 32 per 
cent greater in the case of energy. 

It has usually been assumed that dairy cows will consume an 
amount of feed, particularly roughage, in almost direct propor- 
tion to their live weights (2). Were this true the large cows 
would have a very great advantage over the small cows in the 
economy of production on account of their maintenance being 
proportionately less. It is shown by tables 2 and 3 that while 
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large cows do consume more feed than small cows, the amount 
of feed consumed per pound of live weight of the animals is 
greater in the case of the small cows than with the large ones. 
























































TABLE 2 
Records of cows entered in Wisconsin cow competition* 
cuss spames [cuit | mc | coum | re | zee 
Holsteins 
pounds pounds pounds pounds 
1,000 and less 16 927 | 13,192.7| 1,589.6 | 456.93 | 7,905 
1,001-1,100 21 1,081 | 14,141.7]| 1,689.1 | 483.15 | 7,543 
1,101-1,200 42 1,170 | 14,089.5| 1,683.6 | 480.73 | 7,650 
1,201-1,300 25 1,274 | 15,616.5| 1,865.6 | 529.27 | 8,145 
1,301-1,400 26 1,377 | 16,441.7| 1,845.1 | 527.86] 7,950 
1,401-1,500 10 1,475 | 15,359.9| 1,875.0 | 544.71 | 8,180 
Over 1,500 8 1,669 | 17,017.1| 2,042.4 | 592.07 | 8,675 
Average............ 1,225 | 14,712.3| 1,833.2 | 505.32 | 7,890 
Guernseys 
800 and less 5 762 6,935.6 983.5 | 351.36} 5,989 
801- 900 32 863 7,579.4] 1,073.8 | 384.24] 6,109 
901-1,000 56 962 8,623.0} 1,208.8 | 427.633) 6,394 
1,001-1,100. 29 1,068 9,165.4] 1,270.3 | 444.794) 6,739 
1,001 and over 19 1,202 9,446.7 | 1,334.0 | 479.111) 6,930 
Average............ 987 8,548.9] 1,199.7 | 425.55 | 6,458 
Jerseys 
800 and less 10 766 6,065.5 862.5 | 309.51 4,985 
801- 900 34 866 7,031.8 970.2 | 360.87 | 5,614 
901-1,000 21 945 7,180.3} 1,038.4 | 375.99 | 5,666 
1,001 and over 11 1,109 7,897.9 | 1,124.6 | 402.46 5,535 
BOONOER ox c5icees 55 909 7,063.0 997.17) 364.31 | 5,534 























* Table 2 was compiled by sorting according to live weight and breed the 
records of all cows for which live weights are given and which completed records 
in the Wisconsin cow competition as stated in Wisconsin Research Bulletin No. 
26 (3). Table 3 was compiled from the data in table 2. 


These facts hold true in a general way for all of the cows en- 
tered, but more particularly for the cows of the various weight 
classes within each of the breeds. From the lighter classes to 
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the heavier there was a remarkably uniform decrease in consump- 
tion of feed units per pound of live weight. There is some dif- 
ference in this respect, however, between the three breeds. 
Selecting the 1001-1100-pound classes of the Holsteins and 


TABLE 3 


Number of feed units consumed per pound of live weight and pounds of product per 
100 feed units of cows in Wisconsin cow competition 





average |FZ22 UNITS; ppopuct PER 100 FEED UNITS 


PER 
sare POUND LIVE 


NUMBER OF 
cows 





wanene WEIGHT Milk | Solids | Fat 





Holsteins 





pounds pounds pounds 
1,000 and less 927.0 8.53 
1,001-1,100 1,081.0 6.97 22.39 
1,101-1,200 1,170.0 6.54 . 22.01 
1,201-1,300 1,274.0 6.39 22.90 
1,301-1,400 1,377.0 5.76 23.21 
1,401-1,500 1,475.0 5.54 22.92 
Over 1,500 1,669.0 5.19 : 23.54 





Average 1225.0 6.44 23.24 

















Guernseys 





800 and less 762 7.86 
801- 900 863 7.08 
901-1,000 962 6.64 
1,001-1,100 1,068 6.31 
1,101 and over 1,202 5.76 





Average 987 6.54 





Jerseys 


800 and less 766 ? 121.7 17.30 
801-— 900 866 . 125.3 17.28 
901-1,000 945 ’ 126.7 18.32 
1,001 and over ; . 142.7 20.32 














Average 909 : 127.6 18.02 

















Guernseys and the 1001 and over class of the Jerseys, which are 
no doubt the most comparable, it will be noted that the Hol- 
steins consumed the most feed in proportion to weight, the 
Guernseys next and the Jerseys least. 
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Although the larger cows consumed less feed in proportion to 
size than the smaller ones they produced milk, total solids and 
butterfat with greater economy of feed. This is shown in table 
3 and is illustrated graphically in figures 1,2 and 3. While the 
- economy of production does not increase uniformly with greater 
size of cows, there is a very significant increase in economy when 
all the classes of cows within each breed are considered. 




































































Fig. 1 


In milk production those cows in the heaviest class of Hol- 
steins returned 29.2 pounds more milk for each 100 feed units than 
did the cows in the lightest class. Similarly, the largest Guern- 
seys returned 20.5 pounds more than the smallest while the heavi- 
est cows of the Jersey breed were also much more efficient, re- 
turning 21 pounds more milk per 100 feed units than the lightest 
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class of Jerseys. In production of total solids a like relation 
holds true, there being a difference in economy of production 
in favor of the heaviest cows over the smallest to the extent, of 
3.43 pounds for the Holsteins, 2.83 pounds for the Guernseys 
and 3.02 pounds for the Jerseys. 

In butterfat production there was, of course, a much smaller 
numerical difference, but a relationship similar to that of the 
two instances just mentioned. The largest Holstein and Guern- 






























































Fig. 2 


sey cows produced 1.04 pounds more butterfat than the smallest 
cows of their respective breeds, while the largest Jerseys pro- 
duced 1.06 pounds more. 

Considering the average production of all the cows of each 
breed, as noted in table 3 it is shown that, as a whole, the 148 
Holsteins produced milk and total solids much more economi- 
cally from the standpoint of feed than the 141 Guernseys or the 
76 Jerseys.. This is a very important point conimercially if 
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the milk were sold by weight without regard to test. The Hol- 
steins produced 54.1 pounds more milk from each 100 feed units 
than did the Guernseys. At $3.00 per 100 pounds this would 
be worth $1.62. The 58.9 pounds of milk which the Holsteins 
produced in excess of that produced by the Jerseys would, at 
the same price, be worth $1.77. This, therefore, is a very im- 
portant item to consider when selecting a breed of cows to fur- 
nish milk to a whole milk market. 
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Fie. 3 


Although total solids in milk are not marketed as such they 
form the valuable constituent of condensed and evaporated 
milk and milk powder. As indicated in this discussion the 
Holsteins produced milk solids much more efficiently than either 
the Guernseys or Jerseys. It was found by Eckles (4) in an 
investigation of the ‘Nutrients Required for Milk Production” 
that ‘‘the energy value of the milk solids is greater in proportion 
to the energy value of the feed required with the milk lower in 
fat. This indicates the production of rich milk requires an 
increase in feed in excess of the increase in energy value of the 
milk.” 
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In butterfat production the order of economy of production 
by the different breeds is changed. The Guernseys were most 
economical, producing 0.01 pound more from each 100 feed 
units than the Jerseys and 0.19 pound more than the Holsteins. 
At $0.50 per pound for butterfat the more economical yield of 
the Guernseys would return $0.005 more for each 100 feed units 
than that of the Jerseys and $0.095 more than that of the Hol- 
steins. This is a much smaller difference than in the case of 
the milk. However, the difference is great enough to be of con- 
siderable importance when the product is sold entirely on the basis 
of butterfat. This comparison as well as practical experience 
and numerous experimental investigations (4) demonstrated that 
the Holsteins are much more economical producers of milk, but 
that the Island breeds produce butterfat somewhat more eco- 
nomically than the Holsteins. 

According to Eckles (4) the explanation for the economy of 
butterfat production by breeds producing milk of high fat con- 
tent lies in the smaller amount of feed for maintenance required 
for each pound of fat produced. To make this point clear, let 
us assume that a Jersey cow weighing 750 pounds, a Guernsey 
cow weighing 1000 pounds and a Holstein cow weighing 1500 
pounds each produce 1 pound of butterfat daily. To produce 
this amount of fat, the Jersey cow needs a smaller amount of feed 
than the others, since she requires much less for maintenance, 
asshownintable1. After deducting the feed necessary for mainte- 
nance from the total feed consumed Eclkes found that the amount 
of energy required to produce a pound of fat was greater for the 
richer milk, but on account of smaller maintenance less total 
feed was required for each pound of fat produced in the high 
testing milk. On the other hand, the production of milk high in 
fat requires considerably more energy, since it contains a slightly 
higher percentage of total solids and more fat per pound than 
the low testing milk. The Holsteins thus have the advantage in 
economy of milk production. 

It must not be concluded from the results of the Wisconsin 
competition here discussed that exactly the same, relationships 
would be found to exist under different conditions. For ex- 
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ample, it was shown that the Holstein cows in this competition 
consumed more feed in proportion to live weight than Jerseys. 
This may be due to the fact that the Holsteins in this case were of 
much greater productive capacity than the Jerseys, the average 
production of butterfat not only being much greater, but there 
being no Holsteins which produced as little as the lowest pro- 
ducing Jerseys. Eckles (5) explains the great feed consumption 
of high producing cows by stating that the appetite of a cow is 
governed largely by the work she is doing, that is,.the voracious 
appetite causing the consumption of great quantities of feed 
results from the production of large quantities of milk and is 
not the cause but the effect of the milk production. Assuming 
that this is true, it is entirely possible that high producing Jerseys 
would consume as much feed per pound of live weight as Hol- 
steins of equal dairy ability. Thus the spread between the econ- 
omy of milk production of the breeds might not be as great, 
while the difference in economy of fat production might be greater 
than is shown above. 


CONCLUSIONS 


The maintenance requirement of cows is directly proportion- 
ate to body surface and not to weight. The larger cows thus 
have a slight advantage in amount of feed required per 100 
pounds of live weight. Large cows eat and produce more than 
small cows and are more efficient producers. 

Of the cows entered in the Wisconsin cow competition, the 
Holsteins were the most efficient producers of milk and total 
solids. The Guernseys and Jerseys were about equally efficient 
as producers of butterfat, and both breeds were slightly more 
efficient in this respect than the Holstein. 
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THE COLON-AEROGENES GROUP OF MILK 
Oo. W. HUNTER 


Dairy Bacteriologist, Kansas Experiment Station 


Definite information concerning the significance of the colon- 
aerogenes group of bacteria in milk is rather obscure. The 
characteristic gas fermentation and acid production class such 
organisms as undesirable in the manufacture of dairy products. 
Their influence, however, upon the quality of market milk is less 
definite. According to Harding (5), the three essential elements 
determining the quality of milk are—food value, healthfulness, 
and cleanliness. 

The colon-aerogenes group can effect the food value of milk 
only indirectly, in that through their undesirable fermentation 
they lessen the palatability of the commodity as a food. That 
the colon bacilli influence the healthfulness of milk is generally 
accepted, although very little direct proof is available. Such 
intestinal diseases as infantile diarrhoea, summer complaint and 
cholera infantum, commonly attributed to milk in warm weather, 
have long been associated with this group. More recent investi- 
gations along this line, however, tend to make one hesitate in 
placing so much emphasis upon such organisms as formerly. 
Until more authentic data is available to the contrary, it is no 
doubt wise that such organisms should be considered as a sus- 
picious source of the non-specific intestinal disorders due to milk. 

The colon family has long been considered of sanitary impor- 
tance in milk. Numerous boards of health have adopted 
standards, basedsupon the colon content, for grading market 
milk. The usual assumption being that large numbers of colon 
indicate production under filthy conditions. Recent work, how- 
ever, by Ayers, Cook and Clammer (2), indicate that large 
numbers of colon bacilli in milk represent growth due to holding 
at high temperature and not to initial contamination. 

The purpose of this investigation was to study .the relation of 
the colon-aerogenes group to cleanliness of milk production. 
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MARKET MILK ANALYSES 


During the summer of 1917, 135 samples of market milk, rep- 
resentative for this community, were examined for their total 
bacterial content, colon-bacilli and sediment. The milk was 
obtained from fourteen different dairies in sterile pint milk 
bottles. All samples were packed in ice containers and brought 
to the laboratory where they were immediately examined. The 
total bacterial content was determined according to the stand- 
ard methods. The colon group was estimated by inoculating 
bile lactose fermentation tubes with varying dilutions of milk 
and incubating at 37°C. for two days. The fermentation tube 
showing gas in the highest dilution indicated the total number 
of colon bacilli per cubic centimeter. That gas production in the 
highest dilution indicated B. coli was confirmed by the isolation 
of pure cultures of this group from all tubes examined. 

The milk samples, grouped according to their colon content 
and the respective total bacterial count are tabulated in tables 1, 
2 and 3. 

The lowest colon count recorded was 2 per cubic centimeter 
while the highest was 10,000,000 per cubic centimeter. The 
average count for the 135 samples was 167,890 colon per cubic 
centimeter, and 10,567,290 total bacteria per cubic centimeter. 
According to table 2, 66.6 per cent of the samples have a colon 
count of 1000 or less per cubic centimeter, while 33.3 per cent 
show a’ count of over 1000 per cubic centimeter. These counts 
are considerably higher than those reported by Ayers, Cook and 
Clammer, who found from the analyses of 70 samples of milk 
the number of colon organisms ranged from 100 to 28,400 per 
cubic centimeter, while only one sample contained more than 
2000 per cubic centimeter. Excluding this sample the average 
for the 31 samples was 648 colon per cubic centimeter. On the 
other hand, Kinyoun and Dieter (7) give results, which are quite 
comparable with those obtained from the present investigations. 
They found, from the analyses of 50 samples of market milk 
collected during February an average colon content of 19,420 
per cubic centimeter, while the average of 48 samples of market 
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milk collected during August was 196,458 colon bacilli per cubic 
centimeter. 

It is a generally accepted fact that while the bacterial content 
of milk is now universally used as a standard for judging the 
quality it is not a satisfactory index of sanitary production. It 
is more closely related to the care taken in the handling of the 


Fig. 1. CoRRELATION OF ToTaL Bacterta ConTEeNT oF MILK wITH 
TEMPERATURE 
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milk after production, than it is to the conditions under which 
the milk is produced. The temperature at which the milk is 
held, is one of the most important and influential factors govern- 
ing the bacterial content of market milk. This is aptly illus- 
trated in figure 1, the data of which is cited by Kinyoun and 
Dieter. That the increase in the bacterial content of the milk 
is due chiefly to temperature conditions is very apparent. The 
authors of the data, however, fail to attribute much importance 
to temperature. 

In table 3 there will be observed condensed data demon- 
strating a direct relationship between the total bacterial content 
of milk and the colon count. The samples were grouped ac- 
cording to their colon content and the average recorded for the 
corresponding total bacterial count of each group. Hammer 
and Hauser (4), in a study of the market milk of Iowa, concluded 
that while, in many instances, the colon count could be corre- 
lated with the total bacterial content, it was not always so. It 
is apparent that there are times, when the relationship between 
the total bacterial count and colon content of milk will vary 
widely, but it appears that in the majority of instances a general 
average of market milk analyses demonstrates the two counts 
to be closely correlated. 

Since the bacterial content of milk and temperature are 
directly related, and since the total count and the colon content 
are correlated, it follows that the temperature and the colon 
content of milk must therefore be associated. This shows that 
the high colon count does not indicate initial contamination, but 
represents improper care in the handling of the milk after pro- 
duction. More data, cited by Kinyoun and Dieter in figure 2, 
illustrate this point clearly. 

While figure 2 indicates the relationship between total num- 
bers and the colon content of milk, figure 1 establishes the 
correlation of temperature and total numbers. Therefore, the 
colon content of milk must also be directly influenced by the 
temperature. 

In the present investigation it was impossible to indicate any 
correlation between temperature and the colon count of market 
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milk as the samples examined were collected during midsummer 
when little variation of temperature was noted. 





Fig. 2. CorRELATION OF ToTAL NUMBERS AND CoLon ContgENT oF MILK 
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EFFECT OF TEMPERATURE 


To study the effect of temperature upon the number of B. 
coli in milk, 59 samples of fresh milk were obtained from an 
average sanitary dairy. The milk was immediately examined 
and divided into two equal portions, one placed at 60°F. and 
the other at 70°F. After twenty-four hours the colon determi- 
nation of each was made. The results are found in table 4. 


TABLE 4 
Showing effect of temperature upon colon content of milk 





NUMBER COLI PER CUBIC CENTIMETER NUMBER COLI PER CUBIC CENTIMETER 








Fresh milk. | Milk at60°F.| Milkat 70°F. || Fresh milk. | Milk at 60°F.| Milk at 70°F. 
1 100 50,000 10 10 100,000 
1 2 100,000 10 10 100,000 
1 100 100,000 10 100 1,000 
1 10 50,000,000 10 10 100,000 
1 100 10,000,000 10 10 100,000,000 
2 100 100,000 10 100 50,000,000 
2 10 ° 50,000,000 10 10 100,000,000 
2 10 1,000,000 10 10 500,000 
2 10 1,000,000 10 500 100,000,000 
2 10 1,000,000 10 100 100,000,000 
2 100 500,000 10 100 10,000 ° 
2 2 100,000 10 100 100,000,000 
2 10 500,000 10 10 500,000,000 
2 2 500,000 10 0 1,000 
2 10 10,000,000 10 100 500,000,000 
2 100 10,000,000 100 10,000 1,000,000 
2 100 500,000 100 10,000 100,000,000 
2 100 1,000,000 100 10 500,000 
2 100 1,000,000,000 100 10 10,000,000 
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The results are plainly evident. The average of the 59 
samples indicates a total colon count of 52 per cubic centimeter 
in the original fresh milk; 964 per cubic centimeter in the same 
held at 60°F.; and over 60,000,000 per cubic centimeter for that 
portion held at 70°F. While these results are not surprising, 
they demonstrate that the number of B. coli in milk is greatly 
influenced by the temperature at which the milk is held. They 
further emphasize the need of care in handling milk after pro- 
duction, if the colon group is a factor in the healthfulness of 
milk. In table 5 the data obtained from these 59 samples of 
fresh milk, shows that 76.1 per cent of the samples had a colon 
count of 10 per cubic centimeter or less or 96.4 per cent of the’ 
samples had a colon content of not over 100 per cubic centi- 


TABLE 5 


Showing the samples of fresh milk grouped according to their colon content 


























NUMBER OF COLI PER CUBIC CENTIMETER 
. TOTAL 
0 1 2 | 10 100 | 500 | 1000 
PE icacovccceessiua 0 5 14 26 12 1 1 59 
II ov carstns omen 0 8.4 | 23.7 | 44.0 | 20.3) 1.7] 1.7 100 
Average number coli per cubic centimeter.......................5. 52 








meter. The lowest number of B. coli recorded was 1 per cubic 
centimeter. While the highest was 1000 per cubic centimeter. 
The average count for the 59 samples was 52 colon per cubic 
centimeter. This data will certainly serve as a more accurate 
indicator of filth pollution than the results recorded from the 
market milk analyses. 


. THE COLON CONTENT OF COW FECES 


Fifteen samples of fresh cow feces were examined for total 
colon content. The results are shown in table 6. 

The lowest number per gram of feces was 100,000 and the 
largest number 10,000,000 per gram with an average of 1,883,333 
per gram. According to Harding (5), in the poorest known 
commercial milk, the amount of recoverable foreign matter of 
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all kinds amounts to only 0.01 gram per liter. Reasoning on this 
basis it would mean that the number of colon organisms added 
to milk through initial contamination, would be less than 100 
per cubic centimeter in the poorest quality of milk. 

The sediment of the 135 samples of market milk, as determined 
by the Wizard Sediment Tester failed to reveal any correlation 
between total numbers and colon content. Likewise, the ex- 


TABLE 6 
Colon content of fresh cow feces 




















NUMBER OF SAMPLE COLON PER GRAM NUMBER OF SAMPLE COLON PER GRAM 
1 500,000 9 1,000,000 
2 1,000,000 10 50,000 
3 1,000,000 11 1,000,000 
4 10,000 12 10,000,000 
5 1,000,000 13 500,000 
6 10,000,000 14 500,000 
7 100,000 15 500,000 
8 1,000,000 

pe Ree er ee ree ae MrT ee 1,883,333 








amination failed to indicate that there was an excess of foreign 
material which might account for such a large colon count. 

The evidence appears sufficient to warrant the conclusion that 
the presence of the colon-aerogenes group in market milk can 
not be used as an index of initial pollution. 


EFFECT OF MEDIA UPON THE ENUMERATION OF THE COLON 
GROUP 


According to Jordan (6), bile lactose broth inhibits from one- 
third to one-half of the viable cells of B. coli, while Endo-agar 
compares favorably with lactose broth. Likewise, Obst (8) ob- 
served from the analyses of 191 samples of water, twice as many 
B. coli in lactose broth as in bile lactose. 

To study the inhibitive effect of different selective media on 
the colon bacilli, the following media were used: bile lactose 
broth, lactose broth, asparagin broth and Endo broth. 
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Enumeration was made by gas production in fermentation 
tubes. It will be noticed that the asparagin and Endo media 
are made up as broth instead of agar. The asparagin media was 
made according to Ayers and Johnson (1) except the agar and 
litmus were omitted. Likewise, the Endo broth was prepared 
according to the standard methods omitting the agar. The 
period of incubation was two days, at 37°C. 

The colon content of 48 samples of market milk as revealed 
by gas production in bile lactose and lactose broth is noted in 
table 7. 





TABLE 7 


A comparison of bile lactose and lactose broth for colon enumeration 

















NUMBER COLON PER CUBIC NUMBER COLON PER CUBIC 
SAMPLE CENTIMETER SAMPLE CENTIMETER 
NUMBER NUMBER 
Bile lactose Lactose broth Bile lactose Lactose. broth 

1 100 1,000 25 1,000,000 100,000 

2 1,000 100,000 26 10,000 50,000 

3 100 100 27 1,000 10,000 

4 10,000 100,000 28 1,000 500,000 
5 1,000 10,000 29 100 1,000 
6 10,000 1,000,000 30 1,000 1,000 
7 100 1,000 31 100,000 100,000 
8 10 10,000 32 1,000 10,000 
9 100 1,000 33 10,000 50,000 
10 500,000 500,000 34 100,000 500,000 
11 10 100 35 100 500 
12 100 1,000 36 50,000 100,000 
13 10,000 500,000 37 1,000 10,000 
14 1,000 10,000 38 50,000 100,000 
15 10,000 500,000 39 1,000 1,000 
16 10,000 100,000 40 2 10 
17 10,000 10,000 41 10,000 100,000 
18 1,000,000 500,000 42 50,000 “| 1,000,000 
19 100 10 43 100 100 
‘ 20 500 500 44 10,000 100,000 
21 500 1,000 45 10,000 50,000 
22 1,000 10,000 46 100 10,000 
23 500 10 47 500 1,000 
24 10,000 50,000 48 50,000 100,000 
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A summary of the table indicates 36 samples, or 75 per cent of 


the 48 examined, gave a higher count in lactose broth; 4 samples, . 


or 8.3 per cent gave a higher count in bile lactose, while 8, or 
16.6 per cent of the samples had the same count in both media. 
The average count for bile lactose was 63,188 colon per cubic 


centimeter and for lactose broth 131,256 colon per cubic centi- 
An average of twice as many B. coli were noted in 


meter. 


lactose broth as compared with bile lactose broth. 

The number of B. coli were determined in 46 samples of market 
milk by bile lactose and asparagin broth fermentation tubes. 
The results are summarized in table 8. 


TABLE 8 


A comparison of bile lactose and asparagin broth for colon enumeration 





NUMBER COLON PER CUBIC 





NUMBER COLON PER CUBIC 








SAMPLE CENTIMETER SAMPLE CENTIMETER 
NUMBER NUMBER 
Bile lactose Asparagin broth Bile lactose Asparagin broth 
1 10 - 100 24 1,000 10,000 
2 100 2 25 10,000 1,000,000 
3 100 10 26 100 1,000 
4 100,000 2 27 10 1,000 
5 2 10 28 100 1,000 
6 2 10 29 1 10,000 
7 10,000 10,000 30 500,000 100,000 
8 1,000 1,000 31 10 100 
9 1,000 100,000 32 100 1,000 
10 1,000 10,000 33 1,000 50,000 
ll 10 100 34 10,000 500,000 
12 10 10 35 10,000 10,000 
13 2 2 36 10,000 10,000 
14 2 1 37 100 100 
15 2 2 38 500 10 
16 2 2 39 500 500 
17 2 2 40 1,000 10,000 
18 2 1 41 500 1,000 
19 1 1 42 10,000 10,000 
20 100 1,000 43 1,000,000 1,000,000 
21 1,000 1,000,000 44 10,000 50,000 
22 100 1,000 45 1,000 100,000 
23 10,000 100,000 46 100 500 


























120 


O. W. HUNTER 


The data demonstrate that 25, or 54.3 per cent of the samples 
gave a higher count in asparagin; 7, or 15.2 per cent had a higher 
count in bile lactose, while 14, or 30.4 per cent of the samples 


had same content. 


asparagin broth 88,901 colon per cubic centimeter. 


The average colon content as estimated by 
bile lactose broth was 36,749 per cubic centimeter, and for 


Asparagin 


broth gave on the average 2.4 times as many B. coli as bile 
lactose broth. 
A comparison of bile lactose and Endo broth is indicated in 














table 9. 
TABLE 9 
A comparison of bile lactose and Endo broth for colon enumeration 
NUMBER COLON PER CUBIC NUMBER COLON PER CUBIC 
SAMPLE CENTIMETER SAMPLE CENTIMETER 
NUMBER NUMBER 

Bile lactose Endo broth Bile lactose Endo broth 

1 2 1 21 500 100 

2 1 0 22 1,000 1,000 

3 2 0 23 100,000 100,000 

4 10,000 100 24 1,000 10,000 

5 1,000 0 25 10,000 10,000 

6 1,000 10 26 100,000 100,000 

7 10 10 27 100 1,000 

8 1,000 2 28 50,000 10,000 

9 100 100 29 1,000 10,000 
10 100 10 30 50,000 10,000 
11 10 500 31 1,000 1,000 
12 100 1,000 32 10,000 100,000 
13 1,000 100,000 33 50,000 100,000 
14 500 1,000 34 100 100 
15 1,000 1,000 35 10,000 50,000 
16 10,000 10,000 36 10,000 50,000 
17 100 1,000 37 100 1,000 
18 500 1,000 38 500 500 
19 500 1,000 39 50,000 50,000 

20 10 0 





























Of the 39 samples of market milk examined, 15, or 38.4 per 
cent of the samples showed a higher count in Endo broth; 12, 
or 30.7 per cent in bile lactose broth, while the count in 12, or 
30.7 per cent of the samples was the same. An average of the 39 
samples gave a count of 12,108 colon per cubic centimeter with 
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bile lactose, and 18,498 per cubic centimeter by Endo broth. On 
an average 1.5 times as many colon grew in Endo broth as in 
bile lactose broth. 

While identification of B. coli was not undertaken in all the 
samples, a fairly large per cent of the samples from each media 
were examined for colon verification. 
examined for verification and the results obtained are listed in 
tables 10, 11, and 12. 


The samples which were 





























TABLE 10 
Colon verification from lactose broth fermentation tubes showing gas production 
. ho = 
sume |omomiowenow-| cous venurren || Saurus, | emuorsnow-| cous vansriep 
1 1,000 — 4A 50,000 oe 
3 100,000 5A 100,000 a 
5 10,000 a 10A 1,000 a 
6 50,000 a 4B 500 > 
7 500,000 o 5B 500,000 oo 
8 500 + 3C 500,000 a 
9 100,000 + 1C 10,000 aa 
10 10,000. os 2C 500 _ 
1l 100,000 a 1D 100,000 a 
12 1,000 a 2D 10,000 oe 
13 10 a 3D 500,000 — 
1A 1,000 - 4D 10 + 
TABLE 11 


Colon verification from asparagin broth fermentation tubes showing gas production 




















same [memo ESTO™ | cou vanes || tenes | PmomonetOw"| cou vanrap 
4A-1 1,000 + 1A8 |* 10,000 - 
5A-2 500,000 + 2A-9 10,000 + 
3A-4 500,000 + 4A-11 100 + 
1A-5 50,000 + 4A-12 10,000 + 
1A-6 50,000 + 5A-13 1,000,000 + 
2A-7 10 + 9A-14 50,000 + 











It will be observed that from lactose broth fermentation tubes 
there was only one case in which colon was not verified. Posi- 
tive verification was obtained from all tubes of asparagin and 
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Endo broth examined. The bile lactose broth tubes in this 
series were not verified, in as much, as previous work in this 
laboratory as well as work of other investigators has shown that 
gas production in bile lactose is a reliable presumptive test for 
B. coli. 

From these results it appears that the kind of media used for 
the enumeration of the colon group will greatly influence the 
quantitative estimation. The data indicated that asparagin 
media and lactose broth offer the least inhibitive action. Endo 
exerts an inhibitive power but not as great as lactose bile. Ayers 
and Johnson (1) compared bile lactose broth with asparagin agar 


TABLE 12 
Colon verification from Endo broth fermentation tubes showing gas production 


























el ens vee SS ee | es Ce 
4E-1 1,000 + 1E-10 1,000 + 
5E-2 100,000 + 3E-11 100,000 + 
6E-3 1,000 ~ 5E-12 10,000 + 
7E-4 1,000 + 6E-13 10,000 + 
9E-5 10,000 + 7E-14 100,000 + 
10E-6 1,000 + 8E-15 1,000 + 
12E-7 1,000 + 10E-16 10,000 + 
13E-8 1,000 + 11E-17 10,000 + 
15E-9 100 + 12E-18 1,000 + 





for the enumeration of coli bacilli from ice cream and found that 
asparagin agar gave a higher colon count in 41 samples out of 
43 examined. They also state that a much larger number of 
gas forming bacteria can be obtained in ice cream by the use of 
Endo agar than from asparagin agar. The fact that other 
organisms besides colon will grow on Endo which are difficult to 
differentiate, would ex¢lude it, however, for reliable quantitative 
work. 


EFFECT OF MEDIA ON COLON TYPES 
To study the effect of different enrichment media upon the 


various types of the colon group, twenty-four to forty-eight 
hour broth cultures, representing B. coli communis, B. coli 
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communior, B. lactis-aerogenes, and B. acidi lactici were used. 
The same cultures were used throughout the experiment and all 
represented the fecal type of colon. A small portion of the 
culture was added to a sterile flask of physiologica’ salt solution. 
The total number of each respective group was then obtained 
from each flask by plating on agar and inoculating bile lactose, 
Endo, and asparagin broth fermentation tubes. The counts on 
plain agar should represent fairly accurately the true number of 
colon bacilli present in each flask. ‘The period of incubation 
was forty-eight hours at 37°C. The results obtained from the 
analyses of nine different samples of each culture are noted in 
table 13. 


TABLE 14 


Summarized data showing effect of media on colon types. 





PLAIN BILE ENDO ASPARAGIN 


anour AGAR LACTOSE BROTH BROTH 





ee Average number | 10,000 2,700 1,950 3,950 
- - so Average per cent 63.0 80.5 60.5 
Average number | 13,000 3,840 5,000 14,000 


B. coli-communior.. Average per cent 70.4 61.5 0 


B. lactis-aerogenes.. Average per cent 27.4 0 0 


Average number 4,500 844 4,000 1,800 


B. acidi-lacticl..... Average per cent 81.2 11.1 60.0 





Average number | 10,775 4,671 7,237 8,937 


Average.......... Average per cent 56.6 32.9 17.1 

















{ Average number | 15,600 11,300 18,000 16,000 





A summary of the table demonstrates B. coli communis to be 
inhibited more by all the media than the other types. Aspara- 
gin showing 60.5 per cent, bile, 63 per cent, and Endo, 80.5 per 
cent inhibition. 

For B. coli communior asparagin exerted no checking influence, 
while Endo showed 61.5 per cent, and bile lactose 70.4 per cent 
inhibition. 

B. lactis-aerogenes appears to be less influenced by media than 
the other types, asparagin and Endo showing no inhibition, 
while bile lactose decreased the count only 27.4 per cent. 
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B. acidi lactici is influenced by all three media. Endo de- 
creases the group 11.1 per cent, asparagin, 60 per cent, and bile 
lactose, 81.2 per cent. 

The results further demonstrate that asparagin exerts the 
greatest inhibitive action upon B. coli communis and B. acidi 
lactici and has no effect upon the other two members of the 
group. Endo broth exerts its greatest influence upon B. coli 
communis and B. coli communior; effects B. acidi lactici some 
and B. lactis aerogenes more. Bile exerts an inhibitive action 
on all types. An average of the counts for all types for each 
respective media, as shown in table 14 indicates that asparagin 
has an average inhibitive effect of 17.1 per cent, Endo, 32.9 per 
cent, and bile lactose, 56.6 per cent. These results compare 
fairly well with those obtained from the enumeration of the 
entire colon group from milk with the same media. - 


CLASSIFICATION OF THE COLON-AEROGENES GROUP OF MILK 


The most important sources of original contamination of milk 
by colon organisms, are particles of manure and particles of feed 
falling in milk during production. The pollution of milk with 
manure should add a larger per cent of the fecal types of colon, 
while feed contamination would tend to increase the non fecal 
types. The method proposed by Clark and Lubs (3) for dif- 
ferentiating these two types, offers opportunity to study the 
original source of colon contamination in milk. Rogers, Clark 
and Davis (9) studied 125 colon cultures from milk and found 
52 per cent of them to represent the fecal type and 48 per cent 
the non fecal type. 

To study the type of colon bacilli occuring in milk in this 
locality, 590 cultures were isolated. Of the 590 cultures studied, 
352 were obtained from bile lactose, 60 from Endo broth, 140 
from asparagin broth, and 38 from lactose broth. Of the 352 
cultures obtained from bile lactose, 70 were picked from Endo 
plates which had been streaked from the bile lactose tubes. All 
remaining cultures were isolated from plain agar plates, inocu- 
lated from the various fermentation tubes. All cultures were 
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tested for their purity and their morphology determined. Only 
those non spore producing, gram negative, lactose fermenting 
bacilli which failed to liquefy gelatin were considered as colon 
organisms. Gas production was observed in glucose, lactose, 
saccharose and dulcite sugars and the cultures grouped according 
to MacConkey s classification. They were classified according 
to origin by their reaction to methyl red. The summary of the 
findings are indicated in table 15. 

B. coli communis represented 0.5 per cent of the total cultures 
isolated; B. coli communior, 50 per cent; B. lactis-aerogenes, 
47.2 per cent, and B. acidi lactici, 2.2 per cent. That the colon 
group in milk indicate original fecal pollution is demonstrated 
by the fact that 66.2 per cent of the cultures isolated were fecal 
types while only 33.7 per cent were of the-grain variety. 

It is of interest to observe that of the 282 cultures obtained 
from bile lactose-plain agar, 76.2 per cent were fecal type; of 
the 70 cultures isolated from bile lactose Endo agar, 70 per cent 
were fecal origin; of the 43 cultures obtained Endo broth, 62.8 
per cent were fecal origin; while of the 38 cultures isolated from 
lactose broth, only 50 per cent were fecal type, and of the 140 
cultures obtained from asparagin broth, only 46.4 per cent 
represented fecal source. 


CLASSIFICATION OF THE COLON-AEROGENES GROUP FROM 
COW FECES 


Summarized data of 169 colon cultures isolated from cow 
feces are found in table 16. 

Here 37.2 per cent of the cultures were grouped as B. coli 
communis, 45.5 per cent as B. coli communior, 9.4 per cent as 
B. lactis-aerogenes, 7.6 per cent as B. acidilactici. The majority, 
or 82.7 per cent of the organisms were classed as belonging to the 
communis-communior group. As to source, 95.2 per cent of the 
cultures represented fecal type. 

It would appear from these results that B. coli communis fails 
to develop to any extent in milk, or the methods for isolation in 
milk failed to favor their development. The inference might be 
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that large numbers of B. coli communis in milk indicate recent 
fecal pollution. 

In this connection it is interesting to note, the fate of the grain 
type, during their passage through animals. Such material as 
forage and grain has a fairly large colon flora and the majority 
of these organisms are considered non-fecal types. The fact that 
the fecal strains predominate in fresh feces indicates that either 
the non-fecal types fail to survive during their passage through 
animals or there is a converting of types within the animal. 
However, most of the evidence relating to the interchangeability 
of types of the colon bacilli would tend to refute this latter point. 


TABLE 16 


A summary of the colon cultures isolated from fresh cow feces 


4 















































B. cout B. cour B. Lactis- B. acip1- 
COMMUNIS COMMUNIOR AEROGENES LACTICI 
Reaction Reaction Reaction Reaction 
MEDIA to methyl to methyl to methyl to methyl 
red red red r 
on Lo| a 1o| a Lo| 3S Lo 
2/3 28] 3/3 12213 | = 22) 2 | 3 22 
e |< |< =< |< < |= < i< 
‘ f Number |63 |61 |2 |77 {75 |2 |16 |15 |1 {13 |10 {3 
Bile to agar..... { 5, woke We aes ee a uke oh -& alee ok 
| Per cent |37 6.6 3. o.oe 42.5) 9.4/93.7|6.2| 7.6/76.9)3.1 








SUMMARY AND CONCLUSION 


The results obtained from these investigations indicate: 

1. The colon-aerogenes family can not be used as an accurate 
indicator of sanitary milk production. 

2. The number of colon organisms in milk is greatly influ- 
enced by temperature. 

3. The total count in the market milk examined was closely 
correlated with the colon content. 

4. The number of coli recorded from milk analysis will be 
influenced by the media employed. 

5. An average of twice as many colon bacilli were observed 
from lactose broth as compared with bile lactose. * 
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6. Asparagin broth, on an average gave 2.4 times the number 
of colon as bile lactose. 

7. Endo broth gave on an average 1.5 times as many colon as 
bile lactose. 

8. Asparagin exerted its greatest inhibitive action upon B. 
coli communis and B. acidi lactici, and failed to effect the other 
two members of the group. 

9. Endo exerted its greatest influence upon B. coli communis 
and B. coli communior, and had no effect upon B. lactis aero- 
genes and B. acidi lactici. 

10. Bile exhibited an inhibitory action upon all four members. 

11. The original source of the colon family in milk is evidently 
fecal pollution for of 590 cultures isolated from milk, 66.2 per 
cent represented fecal origin. 

12. Of 169 cultures isolated from fresh bovine feces, 95.2 per 
cent represented the fecal type of B. coli. 
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THE TEMPERATURE OF SOLUTION OF BUTTER 
FAT IN VARIOUS REAGENTS 


J. H. JOHNSTON 
The Laboratory, Effingham House, London 


The temperature at which a fat or an oil forms a homogeneous 
mixture with certain solvents forms one of its physical constants. 
The constant varies with the solvent used and with the condi- 
tions under which the determination is made. Most use has 
been made of the determination in the case of butter fat, since 
it forms a convenient method of detecting the substitution of 
margarine for butter. The reagent usually used has been glacial 
acetic acid, and in this case the determination has been known as 
the Valenta test, and the temperature observed as the Valenta num- 
ber. The determination is made by heating equal volumes of the 
dry filtered fat and glacial acetic acid (usually 3 cc.) in a test tube 
until clear, stirring with a thermometer meanwhile. The mix- 
ture is then allowed to cool, continuing the stirring, and the 
temperature is noted at which turbidity first appears. In the 
case of butter fat, this is about 35°C. The constant varies 
within a few degrees with different samples of butter fat, but 
it varies still more with different samples of glacial acetic acid, 
owing to variations in strength, and this has prevented results 
obtained in one laboratory from being always comparable with 
those in another; in fact, even in the same laboratory it has been 
necessary, in order to obtain continuously identical results, to 
test a new consignment of acid against a sample of butter fat, 
the Valenta number of which was already known. 

The reasons for the discrepancies in the Valenta test have 
been exhaustively investigated recently by Fryer and Weston (1) 
who have found that the two main causes are the hygroscopic 
nature of the acid and the presence of free acids in the fat. The 
latter reason does not much affect the test when used for butter 
fat, which is generally nearly neutral. They recommend that 
the reagent, in the form of the melted crystals, should be ad- 
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justed in strength by the addition of water so as to give a definite 
Valenta number with a standard oil, for which they suggest 
almond oil. The adjustment they made was to give a constant 
Valenta number of 80° to neutral almond oil. Acetic acid of 
this character gave a Valenta number of 38° with butter fat. 

Acetic acid as a reagent has been modified also by Parker (2) 
who takes acetic acid of 99 per cent strength, adds to it 10 per 
cent of propionic or of butyric acid, and then 1 or 2 per cent of 
water until the reagent gives a turbidity temperature of 50° with 
fresh butter fat. 

The only other reagent which has been used to any extent is 
alcohol. This was suggested first by Crismer (3) who used 
alcohol of 91 per cent strength and conducted the test in a sealed 
tube heated inan acid bath. The use of alcohol has been criti- 
cised by Fryer and Weston on account of its hygroscopic nature. 
They found that absolute alcohol when left in an unstoppered 
bottle over night absorbed sufficient moisture ‘to vary a turbidity 
temperature several degrees. To avoid this they have suggested 
a modified reagent composed of equal volumes of alcohol (90 per 
cent) and amyl alcohol, with sufficient water added to give a 
turbidity temperature of 70° with almond oil. This reagent is 
not hygroscopic. As reagent bottles are not left unstoppered in 
practice, this criticism is not. of moment, particularly as it has 
been found from tests made over a long period that alcohol kept 
in a small well-stoppered bottle gives constant results. 

Absolute alcohol of over 99 per cent strength can be obtained 
commercially, and it appears simplest to use this reagent with- 
out modification and to carry out the process in the same manner 
as in the Valenta test. The result obtained may be called the 
Crismer number. For butter fat, the number is in most cases 
53° to 54° although it may vary from 51° to 56°. Margarine 
gives quite distinct results from these. If made chiefly from 
beef fat, the Crismer number is over 65°; made from vegetable 
fats, the number is below 45°. ; 

The number is affected by the presence of free fatty acid in 
the fat, being lowered about 1.5° in the case of butter for each 
per cent of acidity calculated as oleic acid. With fresh butter 
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and even with ordinary butters, it is hardly necessary to make 
any correction, but with old butters the acidity should be de- 
termined by titration with decinormal alkali. The percentage 
is multiplied by the factor 1.5 and the result is added to the 
observed temperature to give the corrected Crismer number. 
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THE NUMERICAL INCREASE IN BACTERIAL COUNT 
OF MILK FROM THE PASTEURIZING 
VAT TO THE CONSUMER 


ROY 8S. DEARSTYNE 
City Health Department, Baltimore, Maryland 


The tendency of the present day sanitarians to base the 
quality of milk on the basis of a numerical bacterial content 
has revolutionized the business of marketing milk, and has 
caused development and study of this problem to a degree 
unthought of twenty years ago. 

Regardless of the virtues of such a method of rating, it is 
evident that unless some better system is devised, the numerical 
basis is to govern for some years to come. For the scope of 
dairy activities which this system governs, the reader is respect- 
fully referred to the following table compiled from “Report of 
the Committee on Statistics on Milk and Cream Requirements 
of the Official Dairy Instructors Association,” Journal of Das-v 
Science, vol. i, no. 1, May, 1917: 





POPULATLON 





5,000 to | 25,000 to | 100,000 to} Over Total 
25,000 100,000 500,000 500,000 Cities 





Number of regulations having a legal 


limit for bacteria in milk......... 95 66 24 4 189 








From the above tabulation, it can be seen that a large amount 
of the milk handled in the United States is under the juris- 
diction of the numerical rating, and that the number of dairies 
that face the problem of delivering milk at a low count is large. 

In delivering the milk to the door of the consumer under a 
certain numerical limit, the dairyman faces a most perplexing 
problem, and one which demands constant study and attention, 
and which is probably one of the most difficult as well as dis- 
couraging phases of dairy science known. The least slip on the 
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part of the operator or his subordinates may cause an unac- 
countable rise in the bacterial count which may seriously affect 
his rating, and cost him the confidence of his customers. An 
unclean holding vat; a stray, partially cleaned bottle; dirty con- 
ducting pipes or dirty cooling sections; faulty refrigeration— 
these and numberless other small points may be the inadvertant 
cause of serious trouble and lost prestige in the local sphere of 
business. 

As stated before, no attempt is made to discuss the “pros” 
and ‘‘cons”’ of the numerical rating for milk, but the compila- 
tions in this article are merely an impartial attempt to discover 
whether or not there should be a numerical increase in bacterial 
content under the usual conditions of handling milk, and if so, 
its extent. The figures here discussed are taken from the files 
of the City Health Department, Baltimore, Maryland, and 
embrace a total of twelve months, thus covering seasonal varia- 
tions. This work consists of tracing the pasteurized product of 
422 samples of some 30 dairies, embracing some of the most 
careful and conscientious dealers in the country, as well as some 
of the less progressive ones. The general routine of handling 
the city’s milk is practically the same as that in all sections of 
the country, i.e., pasteurizing, bottling, storing, and delivering. 

At this city, the system has been to collect samples before and 
after pasteurization, and to follow this up by collecting an 
original package the next morning as delivered to the consumer. 
These samples are brought to the city laboratory and tested 
for the numerical bacterial content, the technique employed 
being that of ‘“‘Standard Methods,’ American Public Health 
Association. This procedure serves to check every detail of the 
handling of the product. - It is regretted that even more samples 
were not carried completely through, but conditions such as 
laboratory contaminations and missing original packages caused 
the discarding of a great deal of data. 

The results of these investigations as tabulated in table 1 
reveal variations which are very interesting. 

Each figure represents one sample carried through the com- 
plete process—a sample taken of the freshly pasteurized product, 
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and another of that day’s lot taken at the door of the consumer 
the next day. Necessarily these figures are subject to the usual 
variation of milk counts, but it is believed that the general 
factor, or at least the proportionate trend of the curve is 
approximately correct. 


TABLE 1 


Per cent bacterial increase in samples taken on street over previous day’s 
‘‘afterpasteurization”’ count 

























































































PERCENTAGE INCREASE ® 

° 

| Bel ¢ 

“/3| 88 

a 5) F3 

5 | i] 3 
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| lelg sl g|g| 8 $/8|8/8|8) 3 BEE EE 

ils daldlaseceegaeeeeeaalg i 

e |elalg |s3i3/8|8/3|8)83 823 3/55 4) 3 

January ....| 38} 2} 1) 3] 5) 1) 5} 2} 1) 2) | 1,1) 1) 2) | 1 : 1/9) 5 

February...| 57} 1) 2/10) 2} 2) 4) 1) 2) 1 163341 111 2:10} 9 

March...... 61) 3} 4) 5) 6) 6) 2) 44 6 11 2 2 3} 1) 2 23 8 7 

BOE oes ance 61 4| 3) 7) 5 3343 | 15 1 3 1 21 5) 310) 10 

May........ 41) | 5| 3| 3) 2 1311/6 | 21 35 

Me ecccusa 34, 1) 1) 2) 1) 2) 1; 1) U3 1 2| 4 1 21 14, 3 

| oar 3 LU 4yuyawvuaiyyiuyayaag.i 6 | 4) 2 

August ..... 25) 1) 1) 1 6} 2) 1 1 31/2 1 5} 1 

September. .| 26) 1 1 1} 2} 2) 3 ywaAayaAwaizi 1 3 2 3 

October ..... 34) 2) 1) 2} 2) 4) 1 21 2| 4 5 1 1 2 4, 2 
November...) 5 1 1 1); 2 
December...| 4 ry 1 | 2 

Total 422/12/20)31/31/24/24/19/21/13) 6 8/31/17/24)11/10, 3) 1) 5) 4 1665 45 














The percentage increase is calculated in terms of 100 per cent, 
i.e., if there are five times as many bacteria when delivered to the 
consumer as when the pasteurized product was taken, it is 
figured 500 per cent increase, etc. It will be noted that only 16 
of the 422 samples were delivered at the same count as when 
taken from the cooling coils, or approximately but 4 per cent of 
the samples represented a ‘‘held’’ product, while 45 samples or 
over 10 per cent gave a higher count than the raw product before 
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pasteurization. Sixty-five samples or over 15 per cent were de- 
livered to the consumer under the figure of the pasteurized 
sample of that lot. This is ascribed either to the inhibitory 
action of the refrigeration upon the germ content, thus adding 
to the efficiency of the pasteurization, or, possibly, to the incon- 
sistency of the bacterial distribution in the samples. The mar- 
gin of allowable laboratory error must also be considered in this 
connection. Despite the fact, however, that 15 per cent of the 
samples were delivered to the consumer below the figure of the 
pasteurized product, it is safe to assume that there is a definite 








TABLE 2 
PER CENT 
MONTH — a. suennaee 
SAMPLES (wearest 500) | “®4 REST 50 

Ee ee eT Oe ae ee 38 19,000 550 
Se Sy enn ee, ee ae * 57 57,500 1,000 
RE Pe ee eee ee 61 44,500 750 
ig ee aa alee bs ad core cada eas 61 103,000 1,700 
ede oats te aSncae whee kee aieeent 41 42,000 1,000 
ls et Fe I Bl te ie ok Nene ol 34 92,000 2,700 
REE ERS Ek Saas rer ene ae 35 80,000 2,300 
ES Se ae ee ere eae a 25 36,000 1,450 
ENE RATES Pate ete rere naee 26 64,500 2,500 
EES RSET RRS COP eR eee ieee eae re eepe es re 34 44,500 1,300 
a ae de aces oar iue.ceie Winn 5 1,500 300 
Del pb etaehovkaads ck oseRencerne 4 800 200 

















increase, and to endeavor to ascertain a factor of increase, even 
if that factor must be rough. 

On the basis of the tabulations in table 1, table 2 is compiled, 
and curve 1 is traced. From the general direction of the curve, 
it can be seen that, as would be assumed, the increase is pro- 
portionally larger during the summer months than during the 
winter. The reason for this is obvious, and strongly suggests 
the adoption of a sliding scale of rating for the hot months of the 
year if the dairyman’s burden is to be lightened. 

The extremely great variation as shown by these data leads 
to a question of cause, and in such a broad queStion, one can 
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assume several answers. Should the increase have been from 
but one dairy, naturally it would have been ascribed to careless- 
ness or poor refrigeration, but where the increase has been so 
general, and has assumed such large figures, it suggests that 
there exists a considerable factor of reproduction of organisms 
that will grow on nutrient agar. The theory of efficient pas- 
teurization if properly carried out, will cause the destruction of 
99 per cent of the organic life in milk. The strongest and most 
resistant of the organisms survive, but if proper refrigeration and 
handling of the product is practiced, the counts should be held 
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constant; or nearly so. Then, wherein lies the great increase as 
shown in these figures? To the writer’s mind, it is the result, 
principally, of faulty refrigeration. Even if the milk is capped 
in astray unclean bottle which should unfortunately be selected 
for analysis, the chances are that if this bottle is iced at a tem- 
perature below that of reproduction, the increase will not be 
over a thousand or so organisms,—an equivalent of one colony 
on an agar plate of 1: 1000 dilution, a case which is no way 
accountable for the extraordinary rate of increase as shown by 
the data. 
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As a means of arriving at some conclusion regarding this 
question of numerical increase, the following experiment was 
carried out, which shows, as nearly as possible, the relation of 
properly refrigerated original packages to original packages 
which were handled in the ordinary manner of delivery. It is 
also sometimes contended that clusters of bacteria are broken 
up by the jolting of delivery wagons during delivery, and in 
order to investigate this contention in a brief way, a slight 
addition was made to the experiment. These experiments were 
carried out in the following manner: The receiving tank of an 
automatic capper and filler was filled directly from the cooling 
coils with freshly pasteurized milk. Under the most careful 
technique, six samples were taken from this receptacle, and 
taken directly to the laboratory where analysis was made for the 
numerical bacterial content according to the technique of 
standard methods for same. Eighteen half pint bottles which 
had previously been sterilized in the laboratory, were filled from 
the filler and automatically capped; six of these samples were 
given contact refrigeration by icing them in an insulated col- 
lecting case, which, in turn, was placed in an insulated quart 
case box and again iced. This box, as well as the other 12 pack- 
ages were placed in the refrigerator at the dairy which main- 
tained an average of 44°F. All of these samples remained over 
night, a period of some twenty hours in the dairy refrigerator, 
and the next morning, the box and 6 of the packages which were 
iced in the customary manner of retailers—with a few small 
pieces of ice, were carried over a milk route in a four-wheeled 
wagon for a distance of some 8 miles, and a period on the road 
of about four hours. The other 6 packages were left at the dairy 
and were carried .directly to the laboratory in an automobile, 
care being taken to reckon the time so as to have the delivery 
wagon and the samples from the dairy arrive at the laboratory 
as nearly as possible at the same time. The temperatures of 
these samples were taken and numerical counts run on them 
according to Standard Methods technique. In order to secure 
an unbiased result, the plating and counting in this experiment 
was done by a bacteriologist who was not familiar with the 
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object of the experiment. 
were obtained by repeating this experiment. 


TABLE 3 


The results, as shown in table 3, 





SERIES ‘‘A’’—AVERAGE COUNT WHEN BOTTLED— 
8,500 BACTERIA PER CUBIC CENTIMETER 


SERIES ‘‘B’’—AVERAGE COUNT WHEN BOTTLED— 
5,000 BACTERIA PER CUBIC CENTIMETER 














Bacteria per Bacteria per 

Number Temperature cubic Number Temperature cubic 
centimeters centimeters 

I. Samples left in dairy 

1 51° 16,000 1 53° 2,400 

2 54° 17,000 2 52° 2,600 

3 54° 11,000 3 56° 2,000 

4 56° 10,000 4 52° 2,000 

5 55° 13,000 5 52° 3,500 

6 56° 3,000 

















Average when plated: temperature, 


54°; bacteria, 13,500. 








Average when plated: temperature, 
53.5°; bacteria, 2,600. 





II. Samples carried over route in customary manner 
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16,000 
25,000 
18,000 
10,000 
19,000 . 
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6,000 





Average when plated: temperature, 


63°; bacteria, 17,600. 





Average when plated: temperature, 
58°; bacteria, 9,100. 





III. Samples carried o 


ver route heavily iced 





1 42° 
2 41° 
3 39° 
4 41° 
5 41° 








4,000 
Contam. 
5,000 
13,000 
6,000 


om rk Whe 








3,400 
2,100 
2,400 
3,100 
3,600 
2,400 





Average when plated: temperature, 


41°; bacteria, 7,000. 








Average when plated: temperature, 
38°; bacteria. 2,800. 





In the series “‘A,”’ the set 1, which was left at the dairy had a 
bacterial content of 30 per cent less than set 2, and 93 per cent 
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higher than set 3; set 3 was 93 per cent lower than set 1, and 151 
per cent lower than set 2 which was carried the same distance, 
but which was not refrigerated as was set 3. 

In the series “B,’”’ set 1, which was left at the dairy had a 
numerical count of 250 per cent lower than set 2 which was sent 
over the route, the content of set 1 being close enough to set 3 
which was sent over the route heavily iced to call it the same. 
Set 3 had a bacterial content of 225 per cent lower than set 2, 
these two sets being subjected to the same disturbances of wagon 
jolting, etc. 

The main difference which has the most direct bearing on the 
subject of this article is in the sets of heavily iced packages and 
those which were iced in the customary manner, both being sent 
over the same distance and, outside of refrigeration, being 
handled in an identical manner. In these instances, the heavily 
iced samples were delivered to the laboratory with a numerical 
count of 21 per cent and 78 per cent less than the count at the 
time of bottling, showing that when heavily refrigerated, milk 
packages can be at least “‘held’”’ to the “after pasteurization” 
count. The increase of the samples which were carried over the 
route in the ordinary way over the heavily iced samples was 151 
per cent and 225 per cent, respectively, while the tabulation of 
the year’s work at Baltimore shows that 225 out of 422 cases, 
or a majority of instances, were delivered with an increase of 
under 500 per cent. 


PRACTICAL DEDUCTIONS 


1. From the results of this experiment, it seems safe to assume 
that the precautions generally observed by the dairyman in 
marketing milk are very inadequate. If the progressive dairy- 
man is to meet the present-day standards of marketing milk 
from a numerical standpoint, he must master a detail which is 
generally well known, and as generally slighted refrigeration. 
From a business standpoint, to pasteurize milk properly and 
render void the good results of it by careless delivery methods, 
is folly. Regardless of the ‘‘safety’” of pasteurized milk, it is a 
self-evident proposition that the grading and monetary return 
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from milk are not based on this standard—it is on the numbers 
of organisms which are counted by the bacteriologist on analysis. 

2. That milk held to 40°F. from the period of pasteurization 
to the time of delivery, should not show an appreciable numerical 
increase in bacterial content. 

3. Though the results of this experiment did not furnish a 
good check, it seems hardly probable that the jolting during 
the time of delivery has much bearing on the numerical count. 

4. It is very probable that under the present day methods of 
delivery that the dairyman should look for around 500 per cent 
increase in the bacterial content above the figure of the after 
pasteurized product. 

5. From the tabulations in this article, it can be seen that the 
business of marketing milk under the numerical limit law is not 
a matter of careless routine, but a science which demands the 
closest attention to every detail, and this method of grading 
has, as was previously stated, revolutionized the business of mar- 
keting milk. Not alone is it necessary to use ceaseless vigilance 
at the plant, but the up-to-date dealer must give a large part of 
his attention to his producers. A milk that is shipped to the 
plant with an extremely high bacterial content necessarily has 
a proportionately large number of the bacteria which survive 
pasteurization, and it is well nigh impossible to make a grade 
“A” pasteurized product out of a grade “C” raw milk. 

As stated elsewhere, no attempt is made to discuss or criticise 
the numerical rating for milk grading, but it does seem that in 
such gradings, it would be only justice to the producer and seller 
of milk to adopt a sliding scale of bacterial count during the 
warm months, so as not to make a system which will auto- 
matically, year after year, change the grading of a conscientious 
dealer to a lower rating, despite precautions, and an inevitable 
attempt to control a factor which is uncontrollable, i.e., the 
elements. 











THE HOUSEHOLD FOAM TEST FOR BUTTER AND 
OLEOMARGARINE 


H. H. SOMMER 


From the Laboratory of Agricultural Chemistry, University of Wisconsin, 
Madison 


One of the household tests for distinguishing between butter, 
and oleomargarine and renovated butter is the “‘foam test” de- 
scribed in Farmers’ Bulletin No. 131, United States Department 
of Agriculture. Butter when heated boils quietly with the abun- 
dant production of foam, whereas oleomargarine and renovated 
butter sputter and do not produce so much foam. As no ex- 
planation for this difference, so far as we know, has ever been 
given, it was considered worth while to investigate the cause 
underlying this phenomenon. Further, with an explanation of 
the factors involved a more intelligent application and interpre- 
tation of the test is possible. 

The possibility that the foaming of butter might be caused by 
some volatile compounds other than water was first considered, 
but was soon eliminated in the following manner: 

The butter was warmed to 60°C., the butter fat decanted off 
and filtered, and the brine saved. The butter fat when heated 
did not foam, nor did it foam when water was carefully emulsified 
in it. It sputtered like an oleomargarine. The brine with the 
curd was diluted and boiled for several hours. On adding this 
boiled brine to the butter fat, mixing well, and then heating, 
an abundant foam was produced the same as with the original 
sample of butter. 

Moreover, when the brine from butter was added to olive 
oil, and to oleo oil, and these oils then heated, the same volumes 
of foam were produced as in the case of butter. The difference 
in foaming between butter and oleomargarine and renovated 
butter must, therefore, be independent of the properties of these 
fats, but dependent upon the properties of the brine. 
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Surface tension suggested itself as a possible basis for explain- 
ing the “‘foam test.’”’ However, as stated above, both butter 
fat and oleo oil foamed equally well when mixed with the brine 
from butter and then heated. Therefore, a difference in the 
surface tension of these two fats cannot be the explanation for 
the difference in the foaming of butter and oleomargarine. 

The surface tension of the brine itself cannot have a direct 
effect for the fat is the continuous phase under the conditions 
of the test. The brine could influence the surface tension of 
the fats by furnishing some fat soluble compounds; however, 
when the brine from butter was carefully filtered to remove the 
curd, and then added to the butter fat, it did not produce the 
foam. Therefore we must conclude that the explanation does 
not lie in surface tension, but rather in the properties of the curd. 

In examining the brine from butter and from oleomargarine 
and renovated butter we find that the curd in the butter brine 
is finely divided, whereas the curd in the oleomargarine brine 
and renovated butter brine is coarser and has a tendency to ag- 
gregate on heating. The explanation of the difference in foam- 
ing is found in this fact. The small particles of curd in butter, 
holding small amounts of water in suspension in the molten fat, 
form centers for small volumes of steam. These small volumes 
of steam rise slowly to the surface and therefore do not burst. 
Thus an abundant foam is produced. In the case of oleomar- 
garine and renovated butter the curd particles are larger and 
on heating they aggregate and the water immediately collects 
in larger droplets. The resulting sputtering is caused by the 
partial superheating of the water, large volumes of steam form- 
ing ,which then pass off violently allowing no foam to form. 

This was demonstrated as follows: Casein was dissolved in 
dilute NaOH and the solution emulsified with fat (fat that did 
not foam). The NaOH was neutralized with dilute HCl. On 
heating this fat, foam was produced. The curd precipitated 
in this way is not quite so fine as that in the brine from butter 
and it has a tendency to aggregate, so the foaming was not quite 
so good as with butter. 
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According to the explanation advanced above, anything in 
the fat that will hold water and keep it from gathering in 
large droplets, should cause foaming. This was found to be the 
case. Filter paper, macerated to a pulp with water will cause 
foaming when incorporated into butter fat, olive oil, or oleo oil. 
Crystalline copper sulphate finely ground and incorporated 
with the fat also causes foaming. 

Since the foaming does not depend upon the nature of the fat 
but upon the fineness of the curd or any other substance that is 
capable of holding water, it seemed possible that certain brands 
of “‘butter substitutes’ should yield an abundant foam. This 
was found to be the case in the “‘butter substitute’? made,from 
the meat of coconuts (Troco). The finely devided tissues keep 
the small particles of water in suspension in the molten fat, and 
foaming results. 


CONCLUSIONS 


1. Fats will foam if the water that they contain is held finely 
divided in suspension; they sputter if the water gathers in 
droplets. 

2. The curd in butter is finely divided and holds small particles 
of water in suspension; therefore butter foams. 

3. The curd in oleomargarine and renovated butter is coarse 
and allows the water to gather in droplets; therefore oleomar- 
garine and renovated butter sputter. 

4, Certain “butter substitutes” that contain finely divided 
substances capable of holding water may foam as well as butter. 














ABSTRACTS AND REVIEWS OF DAIRY LITERATURE 
MILK AS A GALACTAGOGUE! 


A paper by Dr. Chas. H. Duncan,? followed by several inquiries re- 
garding the correctness of the claims made by its author as to value 
of injecting “each cow with a half ounce or more of her own milk on 
the third, fifth and tenth day after delivery” in order “to insure her 
doing her duty toward supplying milk,” was made the basis for the 
experiments reported. 

The method used by Palmer and Eckles for attacking the question 
whether milk itself can act as a galactagogue was to inject the milk 
of a fresh, heavy milking cow into the body of another cow of the same 
breed, whose milk production had also been heavy when fresh but which 
had decreased greatly due to a more advanced state of lactation. 

Two such experiments were performed in which 20 cc. of milk from 
a fresh cow were injected subcutaneously into each shoulder of a cow 
advanced in lactation, injections being made on three alternate days. 
Careful records were kept of the daily milk flow prior to, during and 
following the injections. The results were entirely negative. 

A third experiment was performed on one of the two cows into which 
injections were made, in which the immediate stimulating effect of the 
injected milk was tested. This was done by milking the cows as dry 
as possible, making the injection and repeating the milking after one 
hour. The results were compared with a similar procedure carried 
out on the preceding day except that no milk was injected into the cow. 
Negative results were secured in the experiment. 

The conclusions is drawn that milk itself does not appear to be a 
galatagogue. The question is also raised why the galactagogue powers 
of milk, if such exist, should not be exerted while the milk is*stillfin'the 
mammary gland as well as after the milk is withdrawn and injected 
into another part of the body.—L. S. P. 


1 Abstract of an article by L. 8S. Palmer and C. H. Eckles, on Milk as a 
Galactagogue, in New York Medical Journal, eviii, pp. 375-376, 1918. 

2? Chas. H. Duncan. A New and Powerful Galactagogue, New York Medi- 
cal Journal, cv. pp. 22-23, 1917. , 
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Fred Silver Putney, professor of experimental dairy husbandry at 
the Pennsylvania State College, and well known among dairy pro- 
fessors and investigators throughout the United States, died of pneu- 
monia at his home in State College, Pennsylvania, October 5, 1918. 

Always interested in livestock problems, in recent years he has 
devoted his energies to teaching and fundamental research along the 
lines of animal nutrition. Dairy cattle feeding problems have been his 
special interest and his work along those lines is well known. He is a 
co-author with Dr. C. W. Larson of the textbook and general reference 
work, “Dairy Cattle Feeding and Management,” and in conjunction 
with Dr. H. P. Armsby, of the bulletin, ‘Computation of Dairy 
Rations,”’ in addition to numerous papers on dairy management and 
nutrition. 

Professor Putney was born in Hopkinton, New Hampshire, Novem- 
ber 10, 1881. He was graduated from the Concord High School in 1901 
and received the B.S. degree from the New Hamphsire State College 
in 1905. In 1908 the Pennsylvania State College conferred upon him 
the degree of Master of Science, and he had completed recently the 
requirements for his doctorate degree at the University of Wisconsin. 

Professor Putney first went to the Pennsylvania State College in 
1906 where he worked with Dr. H. P. Armsby as an assistant in animal 
nutrition and general experimental work until 1908. That year he 
became assistant to Dean F. B. Mumford of-the College of Agriculture, 
University of Missouri, at which institution he continued his studies 
in nutrition towards a doctorate degree. From Missouri he went to 
the Rhode Island State College as professor of animal husbandry and 
head of the department, and he remained at that institution for several 
years. In 1913 he returned to the Pennsylvania State College as 
assistant professor of dairy husbandry, and later became professor of 
experimental dairy husbandry. 

For the past year, Professor Putney has been on leave of absence for 
advanced study in animal nutrition. This time he spent at the Uni- 
versity of Wisconsin and had just completed the requirements for his 
doctorate degree. Professor Putney married Miss Bertha Bond of 
Urbana, Illinois, September 2, 1911, and they have one daughter, 
Ellen Ayers Putney, who was born July 6, 1917. Professor Putney 
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was a member of the American Association for the Advancement of 
Science, the Dairy Science Association, Alpha Zeta, Theta Chi, Acacia 
and the Order of Free and Accepted Masons. Just in his prime and 
in the fullness of his powers, the loss of Professor Putney will be keenly 
felt by his wide circle of friends and associates in dairy work. He had 
that rare combination of practical common sense combined with re- 
search ability which enabled him to keep a proper balance in all problems 
of a research nature. By his death, science has lost a well trained and 
efficient worker.—H. P. Davis. 


Prof. H. F. Judkins, of the Connecticut Agricultural College, has 
recently accepted a position as associate professor in dairying at the 
Iowa State College. Professor Judkins was graduated from the New 
Hampshire College a year or two previous to his affiliation with the 
Connecticut College in 1913. His specialty is dairy manufactures and 
market milk. 


Mr. W. A. Rhea recently resigned his position as head of the depart- 
ment of dairy husbandry of West Virginia University to become ex- 
tension dairyman at the Connecticut Agricultural College. While a 
student at the University of Missouri, from which he received his 
bachelor’s degree, Mr. Rhea attained prominence in judging dairy 
cattle. Later he attended Cornell University, receiving an advanced 
degree from that institution. Mr. Karl B. Musser, whose position was 
filled by Mr. Rhea, has taken charge of the dairy extension work in 
the state of Washington. 


Prof. William M. Rider has recently accepted the appointment of 
director of extension service of the Holstein-Friesian Association of 
America, and will be located at the secretary’s office at Brattleboro, 
Vermont. Professor Rider, at the time of his appointment was pro- 
fessor of animal husbandry and dairying at Syracuse University, 
Syracuse, New York, and has served in that capacity since 1915. 
Professor Rider took up his work at Syracuse in the fall of 1913, and 
taught during the college year of 1913-14, also superintending the 
University Farm. Hé was retained at Syracuse for the college year 
1914-15, and during that period raised to full professorship and oc- 
cupied the summer of 1915 in work on a master’s degree in dairying 
at. the University of Wisconsin at Madison. 

















